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ADVEBTISEMENT. 



TfiE (tflbi^mig Pages were written to present an 
^atitfihe of the Facts and Observations Mrfaich the Author 
in^gftrds as tendii^ to assist in the formation of a New 
ThecHy of the Earth. Thou^ they are only the 
abridgment of a larger work, which he has been long 
preparing, yet in some parts he has been induced to 
enter into such details as may render them useful as an 
Introduction to Geology, from their containing those 
facts and arguments which the present state of the 
Science has supplied. 

He has seen, a few days ago, in Dr Thomson's 
Annals of Philosophy for the present month, a notice of 
a Paper having been read in April last to the Geologi- 
cal Society of London, by A. S. Lillington, Esq. on 
Granite Veins and Whin Dykes, in which the appear- 
anoes are explained, upon the supporition that the beds 
containing the Veins were depodted upon the mass of 
which the vein is a portion, whUe that mass was in a 
fluid state ; and that the deposited beds were the first 
to beocnne hard, in consequence of which they contract- 
ed, thus occasioning fissures, which were subsequently 
filled by the subjacent fluid mass. 

This 



IV 

This explanation appears to be the same with that 
^ven by the Author of the following Work, though he 
b ignorant of the data upon which it is founded. The 
leading ideas contained in these pages were read by him 
to a Scientific Society in the beginning of September 
last year. He is, however, far more sohcitous for 
proofs of the truth of his observations, than deidrous of 
priority of discovery, in a subject, where several of the 
inferences which he has ventured to draw, may have 
occurred to other observers. 

SOU My 1818. 
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L NETT TliEORY OF THE EARTH* 
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MyDeaB StE) ,4 , 

JL 6v have so frequently t'eijiiesfed' itid to 
^te yoti sofoe abcouiit of the ideas Which I 
fabve 1)eett led to fdhn (oi these soihe }rears past 
Irespecting geological subjects^ th&t I have at last 
detefnliaed to offer to yoUr coil^idelration tlfe 
folIoWilig if^mdrkl I beg'th&t ttt ihfe com- 
tiiencemittt 6f afi Qtidei^^'ni' ' Whldk I cainiidt 
but rtfglaf d an ardUoias, ahd tirta ibmtynrhat hH' 

tturdoiu, jRfu will believe^ that thougfi I faaVb 

I' ^' 1 . -I 



A 



been long cohvincied of" the truth of" tht priiici* 
pies which I am abotlt to unfold, yet that I by 
no means regard them as approaching to a coih' 
plete Hieoiy of the Formation of the Earth. 
But they are principles which have constituted, 
as you know, a large part of my studies ; and, 
after some detailed investigations, I am inclined 
to beiiere that they may assist in solving that 
problem, which has now become the most ini- 
portant in the whole range of the physical sci- 

VUCeS* -.-*■" J- ■. r ■> 

The objects of Geology ate indeed so nu- 
merous and varied, as fully to justify the emi- 
nence to which it has arisen iii out own time« 
Though it may owe something to fashion or w- 
price for the rank which it how holds, yet it is 

* ■ • •* . 

impossible to deny,, that the facts which it al- 

• . •' .... 

ready enumerates are of great interest, and the 

(Conclusions to which they frequently lead, of 

.'■» > ■.','' ' . . 

mighty . uti[lity. Its intimate c9nnection with 
Chemist^^y and ^ly^iNEi^ALOGY has assisted to 
raise it to its present state. To ope of these 
sciences^ it is indebte4 for the fundamental 
principles of many of its reasonings ; and the 

other 




other is so subservient* to it» that ft has b«eft 

Justly taid, that ''Mineralogy is the Alphabtt 

" of Geology." The numerous aids whicli the 

Ghesnist has furnished to the mifletctl kingdom^ 

have in many cases been applied to Geology ^ 

dor is thete any fadt oi" principle connected with 

the natute of material substance, which the 

Geologist may not render useful to his favourite 

pursuits Hence, it may be safely aflSrmed, that^ 

great as is the attention paid to this science at 

present, it will rank far higher in future times, 

when the number of its facts^ constantly adg*^ 

tnenting, shall have given a greater certainty to 

the theories which connect them into a body of 

knowledge^ a Certainty not unequal to that 

^^hich is attainable in the rest of the sciences* 

*We are too apt, indeed, to despair of Geology, 

from its having been, till very lately, little else 

than a collection of hypotheses, and from its 

'being, at this moment, the newest of the sci« 

ences. If, however, we cast a glance at the 

number, the variety, the interest, and utility of 

the fiu:ts already known ; if we consider what a 

rich harvest yet remains to be discovered, we 

A 2 may 



may be allowed to infer, that, of all the s^cien- 
ces^ Greologjr is that of the progress of which we 
should despair the least* 

These remarks may be considered as inde* 
pendent of that fescinating influence felt in all 
ages by philosophers, and which has so often 
led them onward with enthusiasm to trace the 
nature and history of the world* Questicms 
which were agitated by Anaxagoras and Pla^- 
TO *, and embellished by Lucretius i which 
even gave rise to some of the speculations of 
Auc^usTiKE f » and which have been embodied 

in 



* See the c^inicms of Anaxagoras in Enfield's Histo* 
ry of Philosophy; vol i. p. IdO. The ideas of Plato are 
perhapi best unfolded by BARTHBLEifv^ in the discourse 
which Plato is supposed to give firom the Temple of 
Mineifva at Suniutfi^ on the f(»rniation of the wcnrld. 7Va-> 
teft qfAnacharns. 

t St Augustine Ibund on the sea^shore near Utica 
a fossil tooth whidi he r^[arded as human^ although a 
hundred times tiie oidinary size. The teeth of elephants^ 

du|^ 




in a greater or less degree with the popular and. 
religious superstitions of all nations, mi}st be 
possessed of some interest. The nature of the 
arrangemieut of the globe, in mountains and 
valleys, strata and veins ; the occurrence ^ te^ 
iQains of organic beings in hard rocks, not tare^ 
I7, or in small quantities, but in all countrieSi 
and often constituting the greater part of the 
strata ; the changes of a slower or more rapid 
kind which whole tracts of countiy have under- 
gone ; all these have been applied, from the ear- 
liest times, to supply evidence to hjrpotheses of 
the most discordant kind. Most of these have 
been justly derided, and have past into oblivion. 
Some of them still continue to supply a spring 
of well deserved ridicule. It has happened, it 
must be confessed, in fewer instances, that they 
have inspired geologists with a cautious and 

diffident 



dag up ia many eoimtries, have been oAeit applied as 
evidence of the ancient existence of giants ^f t)ie Imitian 
q^ecte* 




diffident opinion of their theories. Still, the in- 
vestigations of .this science have never stapt : 
KxRCHXR has written largely upon it * ; Hooks 
imparted interest, by associating his notions (^ 
g central heat with the ph^momena of earth* 
quakes; the hypotheses of Burnett, Woop- 
WAtj>, and Whiston followed; and, at the pre- 
sent day, it is interesting to reflect how cofii* 
pl^tely the^ last three writers kept possessioa 
of .a large share of the attention of tlje age 
ms^ch produced thenit Their systems were 
oyerthrown, like that of Buffon, by the obser- 
vatidn of facts ; and Ihey were overthrowii the 
piore :rapidly, in proportion to the ia^ieifect 
nature of the data upon which they had been 
reared. 

In the present day, when so many aids 
have been derived from the advance of the 
aipiliary sciences, and when facts have been 
increased so greatly, Geology, like other branches 

of 



^ In his Mundus Subterraneus, 



of useful knowledge, has assumed a descriptive 
form. Its researches have ^ded the ihiner 
and the engineer. But how often have you la* 
mented wUb ^^f that in our two prevailing 
theories^ the sam^ attempts are still made, as in 
the most ancient times, to reduce all the phaeno- 
mena observed to ope or two leading ideas;!. 
How often h^ve we been surprised, when study- 
ing this subject, to find, that tl^ese leading prin-' 
ciples could i^ot be-all reconciled to a corre-' 
spondence with owx presqit knowledge. So ra«' 
pid has been tl^e progress of Geobgy, that it 
inay be s^ely aflSirmed, that there is no person' 

r 

attached to this study who ijs at present a Wer- 
nerian or fiuttonian, in the sense which, a few 
years siqce, ws^ ponfiiied to these designations^ 
The necessity of curbing or disregarding the 
influence of hypothesis has been fully seen ; and' 
the discovery of facts has gone on with^ rapi- 
dity which the march of theory has been un- 
able to overtake. No longer are the pretensions 
of Oeolo^ derided^ or its researches deemed 
useless. To trace the ' nature and changes of 
the planet which he is destined to inhabit, must 

always 
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vlwajrs be a subUine inquiry for Man. If all 
the objects sought cannot be yet attained, 
enough is kfiowii to impress us with the 
4cepest int^est. We know not, indeed, the 
(dstory of the revolutions of the globe j we 
may never know them all; to accomplish 
this may be beyond the powers of the mind« 
But if we discover sea- shelly in the rocks of high 
mountains, it b^om^ necessary to conclude^ 
that, at spm^ former period, thes« shells existed 
^th living animals at the bottom of the ocean. 
If we find a rolled or roupded stone in th$ heart 
, of a stratum* w^ must infer tb^t it had once 1)e- 
longed to a rpcky mass previously existing, and 
t|ad been subjected to the processi of wearing 
down, like the stones in the beds of pur pr^^t 
streams. In the co^ of pur fires it has been sa» 
^Isfactorily shewn, that we burn the altered 
yfood of a former state of the worlds Mapy 
species pf ^imals have perished, but have left 
their remains in the solid rocks, to attest that 
they had once existed. — ^The^ changes to which 
our world has been subjected are, in fact, too 
Striking and tqo mighty, to be passed by VP9^ 

serve4 



s»rved by the most uninformed eye. Every 
mountain has given a character to the lower 

■ 

lands around it ; every valley bears marks of 
the action of water. When we penetrate the 
superficial strata, we are constantly impressed 
by appearances, which impart ideas of the action 
of general laws. When we carry our observa* 
tions farther, a gregt regularity arises out of 
what at first sight appears an inextricable con- 
fusion* By the discoveries in the skies, and the 
accuracy with which the dimensions of our own 
and of other worlds have been measured, and 
their distances and specific gravities ascertain- 
ed, we may be prompted to hopes of the most 
sanguine kind, from the c^r^ful and patient in<> 
vestigation of appearances which are daily with- 
in the reach of our unassisted senses. In the 
language of Cuyier, ** genius and science have 
<< thus burst the limits of space,'' and may 
yet impart to us some certain knowledge of our 
own globe. And after we are gratified with 
the scenery of the landscape, in traversing a 
country for the purpose of geological investiga* 
Itions, a higher pleasure arises from the elevation 

of 
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of the mind to new ideas of tho great events to 
which the waters and the land have been sub- 
jected in remote ages. We find ourselves sud- 
denly introduced to the display of infinite Wis- 
dom and unbounded Power, exerted upon the 
largest masses of matter, and acting on the most 
extended theatre. The ruins of a former order 
of things spring vip at every step ; the beings of 
far distant times pass before us ; and the mind 
is carried onwards, by an irresistible impulse^ to 
the consideration of a state which preceded the; 
present calin and harmony of the System. 



It would be unnecessary to detail, at great 
lengthy the arguments by which the ideas of 
Hutton and Werner on th? construction of the 
world, have been usually supported. To W£R« 
N£R we owe the first extended attempts to con- 
nect the facts of Geology into a regular science^ 
founded on observation and induction ; to him 
we also owe numerous investigations of the most 
useful and interesting liiad. He appears to have 
selected, with great propriety, the primary and 

secondary 
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secondary jrocks a9 the chief objects of his re« 
searches ; it is in them that the disturbances ex-^ 
ist on the largest scale, and \t is to them that 
most theorists have r^orted, for the purpose of 
determining whether the changes which left' 
them in their pr^nt state were effected by the 
agency of water or of fire. His disciples apd fol- 
lowers spe^ constantly of a chemical ^lutioQ 
of all the primary rocks in a liquid, and their sub* 
sequent crystallization from it i and they refer to 
the evidences of similarity presented by nature to - 
the crystals of artificial solutions ; to a supposed 
-universality of deposit in a regular order around 
the globe ; and to the occurrence of water m 
the strata. They connect these proofs with thfjt 
original fluidity of our planet, which follows 
from its being an oblate spheriod, or at least 9^ 
proaching to that form. 

They are opposed by the complete want of 
9 solvent to act on substances so varied as the 
materials of the globe ; by the effects of com* 
pression ; but chiefly by the nature of the pre- 
cipitations which must have taken place from 
their ancient sea« This universal water must 

have 
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have at one time deposited chemicall j crystals 
line rocks, and afterwards let &11 only transition 
and mud-like strata in which many vestiges of 
crystallization notwithstanding appear. For, in 
a fomu^tion descending/ro9i abmc^ all the rocks 
must have heen contained in the liquid at the 
same time. If we suppose that a disintegration 
of the strata took place as they were depositing, 
and supplied new materials to be again dissolv- 
ed, this is one of the greatest obstacles to the 
l^ypothesis of Universal Formations. In fine, 
they are met by the inconsistency of th^ir fluid 
dissolving stony substances, and yet leaving un- 

tpuched the boqes sn4 shells of organic beings 
which tlK^y inclose 41, 

The Huttonian Theory arrests the imagi- 
nation by grand and original views, and by pro- 
viding for a constant succession of changes in 
the worl4. Nor can it be denied, that it has af- 
forded happy explanations pf many detached 
phenomena, and, in its progress, has given rise 

to 



T — 



* The consolidating effects of water are still to be 
proved. 



IS 

to much of the evidence which the sdefiee'»& 
ibrdsi : . 

Dr HutTQH^ calls in the aid of heat, from 
the impossibility of finding any other solvent ade<b 
. quate to the eflfects produced ; from the non^ei^ 
istence of water in those rocks which bear 
marks of fire ; and from the irruptive power of- 
ten visible in veins and dykes where the regular 
sttata have been broken, dismembered^ or chang- 
ed, in consequence of the introduction of streams 
of liquid niiatter supposed to arise from below« 
He connects this principle with anothetf the 
gradual disintegration of the land, by causes 
which we see daily operating. The prolonged 
action of air and water, of rivers and currents, 
wears away the land gradually^ and spreads it 
over the bottom of the ocean. There the cen*- 
tral heat, acting upon it, consoUdates the mass } 
hardens fine gravel inl^ iflandstone^ clay into 
clay-slate, calcareousparticles into limestoiKesanit 
marbles* As this change goes on under the 
incumbent pressure of the ocean, the results 
^differ, in numy cases, from those which would 
arise if. the. same heat aqted in the ain Six. 

JaM£S 
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Jam£S l^ALL has shewn, iii & course dfadmiraiA 
hly eotidiicted experiments, how llmesto&ie and 
marble mek titider pressute, by being enabled 
io tetatil their carbonic acfid ; and how^ Undet 
similar pressure^ Vegetable and animal sub&taoces 
assume bittimiiious and doaly ast)eGtSi-^itt soliie 
spots, the action of the heat has been expended 
in eyilporating the watets of the sea^ leaying its 
rock^^t crowded with organic remaiiiil« fiat 
Its c^hief agency is exertdd in gradually ^leta^ 
.ting the strata, by the propulsion from bebw, 
of immesise fused masses of gtanitio rodb« 
These^ by, their heat^ soften, but da liot mdt 
.iXMBpletely, the superincumbent stmta i they 
often project into their^ fissures pan of . their 
substance ; and they impart to them every va- 
liety of inclination and disturbance. Other 
streams fill metallic veins> or give rise to the 
phaencftnena of b^tic ^ykes. Basaltic rocks 
are themselves lavas, whose eruptions haver tii« 
ken place- beneath the sea. Granite is the tmr- 
est :l^>rmation of the fire } it: bursts through ail 
the other strata, appears to support them, aiid 
is the basis on which they all repoie. la it, 

and 
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UiXd: the fojckfrnett to it, no organic remaibs -Bxt 

found, be<ra]Lise the heat in which it was meked, 

and.thdj toftened, banished eveiy trace of theoii 

if any. had ever existed. — rin the first and moft 

activjB periods of the central fire, a few gigieaitiC 

masaesi rise above the waves, and are rapidly 

disint^rated* The ocean receiver their im* 

viense debris, and the continents and isla&ds 

gradually emerge from its level. Many sec(Mi^ 

^ary and alluvial tracts are thus formed, in 

which the valleys, as in the primary distrjcts, 

are scooped out by the large streams which at 

first roll in tl^m. The ruins of the mcruiitMiif 

thus form* the rlow land of the newcontiqieiits^ 

and only parts of them remain, to attest what 

they once had been; • t/.v 

These changes cpntinue to act^ till the, con- 
tinents^ thus formed, are again gradually retujoit 
ed to the ocean, and spread over its botjtoiiii 
Then; the strata are again formed as be&i^ 
and a (pew dtevadpn of matter firom the central 
regions' ag^n : elev^es tl|em. Our present laod 
has tbttf been' formed from the d^cay ofiooe 
which pcecedodit ; and it i^ now itself fhmiidi- 

ing 
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ing the materials from which anothei: will be 
raised. The land is the perpetual theatre of 
the decay of minerals ; the ocean, of their le^ 
liewal in new fonns« The hypothesis of Hut^ 
ton does not provide for one change only^ but 
for many ; as Nature has provided r^olar pe^ 
riods for all the disturbances which have hither-' 
to been discovered in the Astronomical Syitftm« 



' Simpk aiid grand as the tluttdniaii Tlieorjf 
appears in its outlines^ and though it involved 
thfc a^on of both water and fire^ ytt the objec-^ 
tions to it are too hutheroHs imd obvious to al^ ^ 
low it to satisfy any reflecting mind. Whert 
we allow the existence of a central fire, and 
gratuitousljr siipposie, that, though alWay^ pre- 
sent, it has only acted at certain times, when 
the force opposed to it was greatest, and acted 
most powerfully beileath the bed of the oeeail, 
difficulties still crowd around us. Why did the 

heat act so gradually atid iragularly, as to melt 

• • 

granite and bas^t^ and only«soften giieiss and 
mica-slate? How do soft beds often occuriviMfer 

the 
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the most consoUjdatejd xocks ; as rocks of sand- 
stone^ for instance, resting on loose sand ? The 
rise of the level of the ocean, in consequence of 
the spoils poured into it, is still to be shewn* 
The renovating powers which Nature has pro- 
yidt^ to balance the destroying energies which 
appear in her works, are entirely unnoticed, 
for many ages, before all the materials of the 

■ ■ ■ . ■ . I 

land were conveyed to the ocean, a world must 
remain without mountains or high lands, suffi- 
cient to arrest the descent of water in rain. 
But the causes which pperate in preserving the 
mountains, have not been investigated. — ^In 
these and other respects, we can pay no tribute 
of applause to the Founder of the Huttonian 
Theory. He will never, assuredly, be ranked 
with Burnett, who, incapable of perceiving 
the harmony and utility of the present system 
of the world, represented the mountains as the 
effects of the divine displeasure at the flood, 
and the antediluvian state of the Earth as ow- 
i^g many of its advantages to their total ab- 
sence. But he can only be regarded as the 

:» framer 
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ftaitacr of a ffrtgm whkA cfi||irim IwA 
the phaenbmcna of the 'wodd. 

Hattan supposed, and Sir James Hall oon- 
firmcd, by numeioiis and decisive caq^rrimmtJ^ 
the eflfects of a great compresaoig fince arting. 
QQ mineial safastanccs ;— an inestimabk advan- 



tage ! always to be lanked amoog the 
discoveries of Geological Science The appear- 
ance of limestone possessed of all its carbonic 
acid gas, and of coal, with its volatile parts mi- 
dissipated, find here complete ezplanatiflas. Sir 
James Hall even fi>imcd ciystallized limestones 
and marbles finom cbalk and other finely divid* 
ed carbonates of lime*. The advantage of this 
truth, however, appears to be lost to the Hutto- 
nian Theoiy, by the fiurt already menticuied, of 
the occurrence of unconsolidated substances in 
the hard strata. layers of fine sand are some- 
times interposed between layers of mica or tak. 
—In another instance, some of the phaenomemt 
of aga£e-balls have been explained by Mr Flay- 
&ir in a very satisfiu:tory manner, finom an in* 

genious 

• Edm. Tnns. 1805. 




19 

gedous tndil -of reasoning drawn from the 'ap«- 
pearances presented by the coats of which they 
con^st ^. Besides these, the principal facts in 
favour of the Huttonian hypothesis are, the im- 
possilnlity ci finding any other solvent than heat 
adequate to the effects produced ; the phaeno« 
xnena of mineral veins filled from below ; and 
the irruptive power displayed in them, and in 
dykes of granite and whinstone, where the re- 
gular strata have been broken, dismembered, or 
altered in their nature at the junctions, in coQ'- 
sequence of the introduction of streams of mat- 
ter ascending &om below. 



Some objections, still to be mentioned, apply 
equally to the Wemerian and Huttonian hypo- 
theses, and shew us their complete fallacy as 
_£uides to. a true system of science. In the 
^Wemerian -doctrines, the distinctions between 
primary, transition, and secondary rocks, ar^ 
rcounted for with great appearance of truth ; 

B 2 and 



niustrationsi && § 7% 74. 
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gp4 tipe hjpodicss of Umvcaal Foaaakism^ 
lops w to cj^bia how the s^llc locks, acofMBk 
liynkd by tbewne beda, mmrriK and mmd9 
of ftzatificatkik occor in all parts of the i^ohl 
yet ^*T^«iiti#xl • aod hov agfmic wesomm iHCf 
present in ame, aad absest la otben}. To 
W^uin bekqgs the piaife of haviog uidoed fii^ 
ffscjjfgatdj 4i8ti|igiiiabed the Bfowitain bdc]& 
lifany inteiestiiig ftcts ^tfa legaxd to their le* 
fylar diyW'HoHf which he discxnrered, aie ii^ 
r^gai^ed bjthe Huttoniaiis, iriio are not aocns* 
topaed to subdivide the lods as he has done 9. 
But in the Wemerian System, the true distinc- 
tion of locks into coa&nnable and unconfonna- 
ble, though well described, is not accounted 
finrf. The HiittonianSj oo the other hand, 

whik 



* Tke WoMritti DhriaoDB cf rod» have, howevci^ 
1^ of 1^ oortaiiilj wnrkd too fir. M. Toidi, in IBIS, 
yimi qs to 16 primary; 11 tunsitiap, and 67 Seqoadtty 
gtryta^ all princqyaly or wmentd formatioDs. 

f In qiiirU rod^ we have one example of eRODecNia po- 
aitiai in the Okdar of W«rner in die Fkimary locka; in Ad 
Secondary mora havf ^cen £919)^ 
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lehile their ideas explain the reason of nnstra* 
tified lying under stratified rocks, afford no 
hints to explain why granite and gneiss, so near 
to each other in nature, are separated in their 
formation hy intervals of time so momentous. 
They say nothing of the regular succession of 
the rocks commonly denominated Primary ; nor 
do they assign any reason why gneiss should lie 
helow mica-slate, and the latter below clay-slate 
or limestone strata. We are thus led to that 
fatal objection to the Huttonian hypothesis, 
which detects, at once, the fallacy of its foun- 
dations. In a long series of years, during which 
the whole of the land, or the greater part of it, 
is spreading out in fine particles over the bot- 
tom of the sea, the central heat is supposed to 
be acting upon it, and, after consolidating, to 
elevate it into new continents, which are again 
degraded in their turn. But when the spoils of 
the land have been spread over the general bed 
of the Ocean, how came the different substances 
to separate into strata ? The strata which are 
exposed to our observation at present, are gene- 
rally of uniform structure, and very often well 

can 
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defined and dirtinct fram each ptber* Ham 
can the substances which formed them hav^ 
been separated at the bottom of the sea ? A ri- 
ma rolls down mud and sand of all kinds^ from 
all the strata over which it has passed in its 
course ; and the bed of the ocean must be co- 
vered with this miscellaneous assemblage What 
btous^ order and arrangement outof a.min*- 
f^icd mass of particles of sand, clay, granite^ 
date, and other substances, and produced fiom 
than a series of strata of gneiss^ mica-shube^ 
and other rocks, all arranged in a determinate 
order, which is also related to the nature of 
their substance * ? We see them distinct on 
the land ; — ^How came they to separate ? I 
am snot aware that Mr Playfair has made 
one remark on this subject,, which forms 

an 



* Though heat can consolidate^ it cannot form strati^ 
for it would obliterate them in the forauHion. TlMveii^ 
indeed^ no Huttonian h3rpothesis for the formation of strata 
and beds of well defined and distinct rocks^ nor for the 
origin of strata of any kind. This theory^ which cannoC 
account for stratification, has no explanation of tranaitiaiii^ 
nor of alternations. If granite were erupted from bdow^ 
and forced up an incumbent bed of rock^ bow does it gni* 
duate sometimes into gneiss ? 



H^ 
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OrHQuperable objecticm to the principal postu- 
M:^^ the Huttoniaa Theor J. 



' ' . I have only mentioned a few of the imper- 
bctions which attend these two theories of the 

sarth*. 

. ;fioth are cntirtly unsatisfactory in their 
kst principles.- It is the best praise of both^ 
lint DEiany phaenomeiia meet with happy expla- 
QAtions from them. As true theories^ systems 
^(knowledge resting upon facts, observations, 
Uld experiments, they are both decidedly im- 
pexfiect in explaining the constitution of the 
^obe^ but .as hypathesesy depending cm assum- 
ed r^^ts,' they have been extremely useful, by 
prompting, with ardour, to the accumulation 
of; knowledge. ^ Had it not been for the Hutto^ 
0^ Theory^ we should not hate Jcnown the 
effects of heat acting under compression. Had 

;• •• • •'■• . it 






.* Otibfir imperfecdons of both theories wffl occur aftev^^ 
irairds. I might mention^ here^ die Independent fyifloi^tam 
t£ coal and floetz trap^ as among the beat instancea of d9* 
^orifikm in the Wemerian Geognosy. 



it not been fer thegyrtan rf Werner^ wa utwM 
not have become w ffxm acqouled mfli Aat 
muB of fiKls which his disciples have biuught 
ferwaxd finmn the most distant countiics of the 
Gkbe. Both have thns extended the Mmits of 
tmeknofwle^, and added neir dcMaina In Ih* 
legioiis of conjectme. As observatiooa aden* 
andate, thejrean onfyiank anionic tlkiseinge* 
nipns qtecobticms which have in atf aglBI ptm^^ 
vaifed in the sdences^ befi>ie the dkwti c#tM^ 
gndoallj arose. Let ns lecoBect^ too^ Ani 
then are great difficidties to be o^ejfeqiafc> in a 
pseblem so macii invicdved in inliitacjr % aAd 
tint the trae constitiition and laasltotf €if tte 
earth cannot be deduced fifom aiqr tfeiica of 
fipets of one Idnd^ however fazlendedy bntfioMi 
aft that are known. I m^ be aflbwed ti» id^ 
that^ great as is the accumidation of fia^s iA the 
present day, I still regard it as impiofiertxt-aflB 
fisBi that they are sufficient to en^le ns to- ^ 
neralize them all into a true sjrstem of science, 
bjic. the iadnetive proces s o f laord- Bacon; — fA 
ai^r^rate, I shall enddtvoiit not to^ c€»cenl iSi&se 
rtjfwitiolis iri& which I' am acqttsdntted; 
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1?ht first £rauittHii (^tht^Aw of tfi^ Ettth, 
mstt' iL(X:iilltcmttd to g6 bacik to the orijgfiM^ for- 
Bttdtn of mfltt«f» l¥^il tire k^ftr fidlely ftdm 
AwHrnttidflg, it to; howei^, hy na tnexM neees- 
Mty iK^ do tlHs^ atid it ftiay b^ eten shevrft to be 
Mimetriiat kApvdptt. It ma^r, howensr, be re- 
Mftdk^ tiat, from the advance of knoi^ledge, 
ttflff theorist who wishesF to go beyond the ptt^ 
MBUt atirangementy has greM adtaixtages ov^t 
those of fonner times. The demoMtrated poif- 
nbOity of aU khsds of mstter ezdsting in tht 
fosm of gas, and the most imponant elemental 
ly ftthstaaccs. attached to ouf {danet, being 'm 
&aL airsf when uncombined ; the ai^pearaiice of 
^mrkhi^iii the skies in evtvy state of formation, 
fiiOBL a hicid nebidoos cloud to a fixed or deiise 
yiMiet^ sutfoimdttd by a regular atmosphere^ ; 
Hm^ phsewMKiena^of meteoric ^Olies, and the exis^ 
Icobe; of skioir om Ikfers, all^wilag u^ to draw 

^ some 



.^dm 
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* -See Hersdieirs observatitms on the Sidereal and Ne« 
Mous part of the HeR?fn&« Fhilos. Trans. 1814; p. ^48. 
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tome infisrences with regard to the nature of 
worlds £ir distant from our own; these and 
other circumstances are favourable to such spe- 
culations. But no theorist would now ascend 
to that sera when the solid, liquid, and aeriform 
constituents of the g^obe, formed an inflamed 
and resplendent star; or when the two airs, 
oxjgen and hydrogen, which constitute the 
waters of our planet, were united by a flash, and 
condensed, giving out their heat to the surround- 
ing mass to ignite it, or acting suddenly on its 
metallic nucleus. As well might we set free the 
chlorine of common salt, or unite, by the (elec- 
trical spark, a great part of the constituents of 
our atQiosphere into nitric acid, and . employ 
these bodies as effective iagents. Of a similar 
nature, in the present confined state of the ob- 
scurest of the sciences, are the infeiehces drawn 
from the magnetism of the globe, and its con- 
nexion in this re^ct with the other planets. 
Though speculations of this kind, founded on 
modem science, are &r more certain than those 
of writers who have deranged the position of the 
l^be in the solar system, altered the rate of its 

■ ' -. • 1 •: ■'■■'■'' ■•■ ■ miotion. 
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motion, projected il from the sun, or brought a 
comet to inflame or deluge it * ; and though 
they supply us with new^views of the great re- 
sources of nature ; yet, if we could not infer le- 
gitimately from the appearances observed, that 
such phaenomena had taken place, and if we 
could not apply them to the minute explanation 
of the facts before us, we should only wander 
.in the dark, without any certain guide to an ex- 
act science. 

Among 



* Bomet^ WhistOD; BuffoH; and others. 
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AMONd the (Jnestions which it is iaoH ne- 
cessary to answer at the present day, before at- 
tem{>ting a general theory of the appearances, 
are the following. Can we draw, fironk flie ea^ 
lour and the nature of rocks, any exact inferences 
with regard to their origin ? What is the con- 
nelion which exists between granite, and the 
rocks which are next to it in order of position? 
What are the relations which exist between un- 
stratified gtainte and basalt, ixtA the Stratified 
rocks ? What is the nature of all strata, as to a 
chemical or a mechanical mode of deposition ? 
Where are the limits of these two kinds of depo- 
sit ? Or, do any such limits exist ? How can 
we account, in connexion with other appearan- 
ces, for that general direction of the greater part 
of the strata, which is observed throughout the 
world ? — ^These inquiries are of great interest in 
this science ^ and I shall, therefore, proceed to 

treat 
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fjMt of ihe foimrf tbc nature ^ and ^tpoiitum 

"Whim ve rdGnr to tke wrkings of both 
Wemerians and Huttonians for exact criterioiis, 
^fmwoi&offi the canstitiidoaof the rocks them- 
sd¥CSf we :l^nd them extremely deficient in sup- 
i^jriag sxkck piobfii as can satisfy the mind. 

I h^ye mentioned the explanation i^ agate- 
imilSf as hairing been given by Dx Hitfton, fs^m 
the qptodfi of arrangepient which is seen in the 
4ifienBCDit /^oats of which ihey coiisiBt. These, 
j&om th^ exterior ones always compressing the 
fateriory miist h^ve consolidated from the cir- 
ci^fn&sttice inwards, and therefore, by a simple 
$mMtj9 such as heat alone can pix)ditce ^. The 
Wat^, which is sometimes entangled in these 
nodules, as in rock-crystals, is accounted for by 
die compression to which, at their formation^ 
they were subjected. 

If we can extend such criterions, and ren- 
der them sufficiently strict ; if we draw them 
^vemtlie constitutions of the minerals themselves, 

some 

* Plajrfair's lUu^txationS; § 7$, 
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some assirtahcc will be rendered to this rising 
science, and, perhaps, new aids be aflforded to 
the classification of rocks, which is still in so im- 
perfect a state. 

The tests of an igneous or an aqueous ori- 
gin have been sought for in various phaenomena. 
In the rocks which are crystalline, the abseqce 
of water cannot be considered as any certain 
mark of igneous formation ; for some watery so- 
lutions deposit crystals very nearly or altogether 
free from waten On the other hand, the pre- 
sence of water in basalt and other rocks, cannot 
be regarded as any decisive proof, that they 
were not modified by heat ; since water might 
be retained by them in two modes already 
known, — ^by a chemical affinity, which the heat 
could not overcome, or by a compressing force, 
which would prevent it from escaping in steam. 

The imperfection of these reasonings led 
me, some time since, to consider, whether a more 
certain criterion of origin might not be derived 
from the presence of the metallic oxides, which 
impart colours to most of the primary rocks. 
Granite, the most important of all, is never free 

from 
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Stttn colour in ' some oi its ingredients. The 
(liartz is generally colburless ; sometimes pos- 
essing only" slight shades of brown. The fel- 
spar is often red, and the mica and hornblende 
>lack, from the presence of iron. While a pure 
ighitt £^par, as Petuntse, and a decomposed 
mey q:^ Kaolin, jidd no iron in their analyses, 
be other varieties of this mineral give from one 
JO four per cent, of that metal ^. The jade of 

Saussure 



* Of the Felspars containing iron^ adularia and the 
u^on variety from Siberia, yield least 

Adularia of sp. gr. 2.57, gave to Klaproth 68 of si« 
lex, 15 alumina, 0.5 iron^ and 14.5 potash. 

Vauqudin found no inm in one specimen whidi he exa- 
mined. 

Amazon stone, sp. gr. 2.70 gave 62.85 silex^ 17*02 alumim^ 
8. lime^ 16. potash.— Fav^wefiii. 

Common Felspar from Piemont^ 62.4 silex^' 17 alumina^ 
1.2 lime, 4 iron.-^Faii9tfeitii. 

Mr CJhenevix found 2 per c&nU of iron in felspar from the 
Camatic. 

The Labradore Felspar contains 3 and ^percent, of iron^ 

' Allan's Tables, xuu 



S9Pfisui:e 7ii$14fd po Klwroth no lew than 6.5 
pff fi^nh pf irw ♦, In Mkar the proportioo oif 
irps i» <;onsjideir9ib)y i^cres^ ^ nnd to lUaprotli 
^ y^uqwUn, tjiis viilA^tAl yielded &om 4j- ta 
no }(£$$ ^n ,22 per cent f^ Crystallized hpiriip 
W^^ g^YP to JUvgier po le$s than 2$.6a of 
iroo > sosid §<M(OQ yai^ede^ pr ^^pecies, to ^thei: 
aralyrt^ fiipm 9 to S$ jp^r f ^«/. Hypfsr^ne ^ 
Labradore hornblendey yields S4<^ /wr cent^ 
uid augite, a mineral nearly allied to honi'> 
blende, from 6 to 18.25 of the same metal. 

From the abundance of iron in these sub* 
stances, a proof may be drawn of the rocks in 

which 
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* Tci SMMmm )m«eif It gave IMfi ifwv 

t Mica of Muscovy^ Silex 48. Alumina 34.25^ Mttga^ 
na .5> Inm4^, PoCaah S.79, Watev iJStA^mKIapntL 

Mica of Muscovy^ Silex 5a Alumini^ 85* JJme IM, Mag« 
ncoa IS5^ Iron 7<^y0(i^qu9tif^ 

Mica of Zinnwald^ Silex ^T» MuTOna 3Q, Innci ^lAAMaii* 

Black Mica from Siberia^... Silex^ 4&.5, Alwuna M*^> 
Ma^esi^ 9;i Ii:on S^ Manganese % Fota^i 10^ Wft« 
ter l<-^9J^f9fgA* 

AUan*s TabkSf hsxu 



tiriiich ibey occur not having been ]^recipitated 

fllbin a italic of chemicfd solution in any liquid. 

Wot^ iiP tte quaMa, mica, aiid felspwr of granite^ 

' ^wett ditfiolfied in a fluid, why did not the oxiAk 

of- iron, also a conMitueht, diffuse itself equally 

t;hToughout the substance of all the ingredients ? 

Wliy should it attach itself only to the mica, 

felspar, and boirabl^de, and leave the quarts 

<^olourIes8^ jis we see it in most granites? In 

this case, no satis&ctory reason can be shewil^ 

why the qiiartz should not have received a share 

of the iron. If it be said, that the iron oxide 

had no chemical affinity, tending to combine it 

with the quartz, this would be met by the re- 

mariCy that in many situations quartz is impreg- 

cated with iron in the most varied propor'- 

tions. 

^ Granites sometimes occur with two kinds 
of felspar^ one of a reddish, and the other of a 
lighter or whitish aspect, both being equally 
disseminated through the substance of the 
stone. Such is the case in several specimens 
which I have collected, and in others which I 

c have 
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have seen described *. . In other exampk^, pttrr*^ 
of the fragmented crystals of the felspar is tii]r<^-^ 
ged of a deeper red than the rest Hef e it may-"" 
be inquired, why, on the hypothesis of solutios 
in a liquid, one part of the felspar should receive 
iron, and the other little or none ? — So in gre^i* 
stcme, whin, and other rocks of the Trap suite, 
which consist of Felspar united to Hornblende 
or Augite, how often is the felspar destitute of 
that colouring principle of which the hornblende 
and augite contain so much. To Porphyry, and 
to the limestones which enclose hornblende, the 
same remark wiU apply. 

On the other hand, if we suppose the 
agency of heat, there are not wanting proofs to 
shew, that these appearances coincide exactly 

with 



* There is a quarry to the North of Peteihead^ with a 
gtimite of felspar of two colours. Containing hornblende^ 
it would be called a Syenite by the Wemerians. 

Granite with greenish-white felspar^ sometimes traversed 
by finer grained^ in which the felspar is reddish-whit^ is 
described by Karsten^ (Leskean Museum Catalogue^ p. 874.) 

A granite with milk-white felspar^ spotted with red^ oc- 
curs in a celebrated quarry ten versts from St Petersburg.-— 
lb. 374. 



'With what we may. legitimately in&r 18 the ef* 
fi^dtslof jth^-^wer. -. . . _ i;.:. . - ■ -..•('.: .■■.-., 
r Ia'tte:4coriae of faroSaces, . there ase a^ 
preseatiffufastancHia which ircceive a tinge from 
iron ;.aDd in particular, ihJ!ma^y of those* of glass- 
houses,! the glass in the. bottom of the pots 
passes, as is well known, by long continued fur 
«ion, and subsequent slow cooling, into masses of 
greater or less opacity, resembling io some cases, 
what is called. Reaumur's porcelain j in others 
approaching to the general aspect of a trap rock; 
... In uispecting many specimens of this kind, 
I have always been struck by the separation of 
colours in the mass, a separation generally 
pretty distinct^ often petfectly so. One part is 
tinged yeUow or green by the inetallic oxides, 
another is left of a pure white. 

In the lighter scoriae or slags of iron^fuma- 
ces and lime-kilns, the. same appearances are 
seen, often affording the happiest examples of 
the effects of long continued fusion in separate 
ing colours from each other, frequently by ex- 
act boundaries, 

c2 In 
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all pttpafatioiis: of pmUSf <nr aMficiill 
gemsy the difficulty is^ to secure thfe li^tbd dtf^ 
fiiwm of colour tiinmgli the glass* * Heitctthoie 
who prepare them, find it often micessaty to 
cool them rapidly^ and iuse them cd^eatedlj^ 
ftom the tendency of the colours ^vtfQ by tbtt 
metallic biddes to sepamte. A Idng^^onttettttd 
fission introduces a great disturbance into tte 
lesults, and is Tcry unfiiTourable to the unifimn 
distribution of hue. Hence the heccsut^ of 
ioittmt^ftUi^ and of cooling th6 glasses obtaiOii- 
ed in some stages of the process, in cold war 
ter *« The efiect of heat is^ indeed, in aUoaaes^ 
tf> separate colours. 

Fisw eitp^ments have been made op tlie 
fusion of gnuiite* While the felspar aqd mica 
melt into glasses or slags, the quartz resists the 
hea^ and is left untinged by the colours of the 
surrounding materials. Mica ftises easily in 

the 



* M. Fmitanieu describes the mode of prepaiii^ otifr* 
cial gems. The colourless Mayence and other bases are ob- 
tained by melting Ihrice^ and each time pouring into cold 
water««^»^ Edin. Encydop. z. p« 12S. 
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t^fxm^f r^ 9{m^i^ Uw, and, m cooling, 
cffhilH^ cbffagjB^} of cp})c»i.r, probably from a 
cliange 19^ jtbe pfi!n9ti^tian of Us oKide of iron. 

7I9 conclusion is obvious. The quartz 
tmy ffcspc, pr may never hayie received the 
tifi^ ^\nis^ ^e felspar and ifiica possess. Gal^ 
carious fpar may b^ left unchanged in the vici-; 
aij(7f^9nicaT8l9|€,hi9rnblende, or basalts When 
two kinds of felspar occur in a granite, the in&* 
te^flt^ BMy not bje so immediately obvious, and 
sj^VliaraJt ApniMb may be hazarded. The gra- 
m$J^ r»9f h»Fe been xecomposed from materiais 
p)P0vi(^l|ly mgi^ng, of which the crystals of 
fi^par ^f^m distingiusbed, by possessmg vari* 
QQS imyifeggfttioiis of iron. Or there may ex« 
ist, in io&f^ respjects, as well as in colour, an es- 
Mffifi)} ^jSeience in the constitution of the two 
T#ne1jf s of felspar, which form the mass of the 
stone. I rather think it, however, more proba- 
ble .to supposp^ thajfc^ in such cases, the ,4v^ration 
iff jtjic fmoi^ of P^cJ^g vi^ll afford i^ mgsf. 
«U»pfe eaiq9to»tion» TJne saine diange may 
aot hate tidben piaoe in the feispars, winch K 
more ^prolonged coofing would have effected* 
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And as we cannot suppbte thttt the^actioii bf 
heat id^'in all ckses a perfectly uniform -foMe' oti^ 
largenuisses of matter; this eirdimstance/ white 

it explains the above appearances, contAorates 
the explanation, and accounts for the reason 
why quartz is itself, in some cases, tinged slight- 
ly with metallic hues, and why a gradation of 
colour is sometimes seen in the felspars of qiany 
granites* 

It may be remarked, that the new idea^- 
which Berzslius has given of the constitution 
of the mineral species, militate against the above 
details. This excellent chemist has shewn, that 
an examination of the analyses of many mine^ 
rals, exhibits the combination of their elements 
in definite proportions *. He has traced a pret- 
ty exact correspondence between some of the 

natural 

* '^ Attempt to establish a pure scientific System of Mine* 
^<>gy l>y the application of the Electro-chemical Theory 

and the Chemical Proportions^" 1814. Berxelius considers 

ttlica as an acid with great probability^ p. 28....i.Hi8.prin-> 
ciple is unfolded in p.;,50^ and constitutes a great step in the 
knowledge of the nature of minerals^ should it be establish- 
ed fully by experiments, which at present it has not been* 
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natural combinations of silex and oxide of iron, 
and the known proportions in which these sub- 
stances unite, and has founded a new system of 
Mineralogy on this principle. As these sili- 
ciates of iron occur in such abundance, as in 
mica, asbestus, tremolite, chlorite, tourmaline, 
prebnite, and other minerals, it may be in- 
ferred, that, in all cases, the combinations of 
iron «re made in this mode. This inference 
Berzelius himself has not drawn ; and he re- 
marks *, that, in the present state of chemical 
analyses, it is altogether impossible to calculate 
the composition of a mineral containing iron, 
with any degree of certainty. The principal 
difficulty arises from the degree of oxidation in 
which the iron exists ia the stone, which the 
most expert analysts have hitherto &iled in as- 
certaining perfectly f . Till the chemical ana- 
lysis of minerals is brought nearer to perfection 
than it is at the present day, we are therefore 
warranted in inferring, from the appearance of 
iron in all possible proportions, that no part of 

— — — *— — »il— 1^1— ■> ■ ■ I 11 Ml I — — — i I I 

• Attempt^ p. 80. 
t IbicL p. 81j 8)2. 
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pur present kliowlfid|;e of tlofi cfH^tixtioo of 
xaiaeraK i9 bortile to tl^e theory of their origiPf 
iriiich has been deduct from the cojour pf 
roelcs. The principle^ of Berzelius ooly sL^j^jif 
to those C9i»es where the iron is present in Iwge 
or ia conwler^le quantity. If the pres^ce of 
the smalliest qu^iitity or tr^e of ijcpn kp 4^p* 
posed to involye the idea of 9, de|^t^ covc^wi^ 
Hofx, this circumstap^ le^d^ no aid e^^c^ib ^ 
aqueous or the igicu^us origin of laait^r^li^: Bvt 
if the distribution of iron he in email qnaitf|ti^ 
and at the $anie time not unifornl^ j(|PTea4 
^hwughth^ masis of the minendt we CEMiofd/ jne* 
sort £pr an « jcplanation to an ori^ frqio Iffi^ 
It is pijofaal^e, that the farther exaipination of 
Wneral^ >vith regard to this interesting sqhjfBct^ 
yflf\ }fe pir^uctive of use&l discoveries. 



The ph^ecKHneda of dykes of whin 9n^ i 
nitej will supply us with a &rther p^oof with 
regard to the truth of ^^ above c)ied}^f tip^ 
Though I have examined tnany of the dykes of 
Scotland^ and almost the whole of those of the 

County 
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Csmtir of Aatrim, I was fir^t iwost «cmib)^ of 
tif€ appj^ntpces X allude to, in /some graoiti? 
teios 0JX the rocky share of Kiiicjii^ineidiire, % 
few min to tbe ^uth of Aberdeen* At the 
fishing^KMirn of Wm^oQ, and for some nule$ oqi 
both «ide9 of it, the 1^0^:};$, which a;re chieftj 
gneiss of large«-graSbned satieties, are penetrated 
by <TOihs of gcanitc^ consisting of white quartan 
and Stsh^coh^ted felspan Where the fpieisy 
passes iBto micarslate and hornblende-slate, as at 
a spot denominated The Cove, there is a good 
example of a wide vein of granite p9^iig 
Uuough the slaty rock^ and pcodueing near tibe 
junctioiis a variety of oobars m the shi9tu$» aod 
a far greater tiiinness and tendency to divi»(9» 
in its strata^ than are seen in the sa^^ rock 9k 
the distance of a &w &et ; the strata, indeed^ 
near &t junction, becoming as thin ad paper* 
At A :Sp6t ahout two miles to the jK>rthward ^ 
thb last flafce, there is a remarkable dj^ .of tisif^ 
wluch tnavserses the gneiss, in a direction neai^ 
\y nertfa ifd. soath, aiid with abreadth of about 
is &eti The part of it exposed on the cliffi^ 
k from 10 to SO feet in height^ andinkngtjii 

about 
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about 900 yards, for the greater part of which, 
befaig laid bare by the waves, every facility is 
afforded for examining the junctions which it 
forms with the gneiss, on both sides of its course. 
It is a well defined greenstone of felspar and 
hornblende, sometimes offering minute crystals 
of calcareous spar and sulphuret of lead. In the 
middle, and at some distance from both sides, 
the rock is distinctly pretty large grained ; as 
the contact with the gneiss is approadied, thq 
grain becomes finer, till it passes into a rock of 
nearly homogeneous texture. At the same 
time its colour is changed from a dark olive 
green to a hair brown ; it has become, too, £u: 
harder, and of a splintery fracture ; and in 
many places a radiation of light brown colours 
appears in it, exactly such as we would expect 
from the action of heat- The difference of 
hardness is still more sensible, when we notice 
the facility with which the interior part of the 
dyke decomposes, and the obstinacy with which 
the :sides^'v though beat by the waves, resist all 
change ; and when we observe the small size df 
the fiissafes into which the rock divides at its 
• ' junctions. 
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junctions, and contrast them with the large^ 
ness of the blocks which constitute the mass 
of the iiAstrfttified tra^. The decomposing and 
more central blocks, falling to sand by the action 
of air and water, exhibit, as is usual in this rock, 
a concentric structure, exactly like the coats 
of an onion^ — ^Here the inference from colour is 
obvious ; and would be alone satisfactory of the 
igneous origin of this dyke. But when that con- 
clusion hais been confirmed by every thing which 
has been observed in many other dykes, and 
when the gneiss has in this case, from its previ- 
ous consolidation, undergone no change, addi- 
tional proofs are added. — On the hypothesis of 
solution in a liquid, we are completely deprived 
of the assistance which these facts give to our 
reasonings, and we have no explanation of the 
appearances themselves ; while it is not easy to 
conceive how substances, so compoxmd as gria- 
nitc and trap, could have been precipitated che- 
mically so blended as we see them, and yet so 
.pcrfectiy distinct in their colours. On the other 
:planation, these difficulties disappear. 
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I proceed to another view of thie ptigin o 
rocks, deduced from their naturfi and jffisifion. 
I have been led to th^s invastigatipa, i 
cons^qyence of ^ndmg no satisfactory axigwi^r i 
any of our theories to the following qff(fsiiiaDs. 
What relations exist be]tween granite, an uncoo- 
formablf and npatratified rock, and tlap rocks 
ivhich lie ipunediatejiy above, as deternn9e4 by 
Werner jand other geplogists? W^y 9)|0}]ild 
Gneiss '^, where it pppiir^, be always ti^ pqf^ 
nejzt to gi^anite, ii^ on the Huttoniani j^yppt^- 

m 

' * Oiieis8,0ri9laity granite^ is eonstituted of tlie same ma- 
terials widi gtssate, arranged in a daty lum. 

IampbJigedli^,,Wi fai<>4ier pla^Wf, tp ^ifa ^^Mnp^i^f 

have no choice^ there beii\g in fyc^ p.o nomendatuze yet in 
Geology^ whidi does not involve an hypothesis. Tb^ Wer* 
nerianterma having acquired the most general curretiejr in 
Europe^ 4liey«re used here, tm namei asify, vnAiointh^ 
lieving in .the Ihepvy ^^di Asfi» nm»B in aome cfimi es» 
press. Where granite is mentioned, it is always to be fni« 
derstood as unstratified, or as granite in /^ mof f , not til Mr / 
unless the contrary be mentioned* 



fljs^ CKat gtitatt Wad detttted fitom. the oconi 
iridnng up tlte strata before it? Granite caA 
liai^ apparently, no more relation to gneiss 
'th an to a ny oth er rock in the series. 

On the Wemerian supposition, on the other 
haod^ that granite fell down first from the ulii« 
voTMd disscAvin^ liquid, wh^ relation has it ttf 
gn<ii^,thattfaeiat&ir shouldconstantly succeed it? 

Of theunstratified rocks, Granite is by far 
the principal, reckoning under this appellation all 
compound aggregated rocks, where felspar^ tine 
eluef in^edient in most c^taes^ is United to Tan*' 
ouii piOffttOttS <»f quatt2, mica, aiid hombklnde, ojr 
to obA ot inore of these minetals. Garnet, tin- 
stone, and shorl, are often imbedded in its sub* 
stance. The name of Syenite, from Syene kk 
UffCT Egypt^ hasbsen given to granites con- 
taidin^ liofliUtode, instead of mica ; ahdmttay^ 
tbdta^ Mtall Werheriabs, bieisides denying that 
liorn\)lende was contained in any true granite *, 

hare 
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* ^ Ilfbt k tnoe of hornblende has hitherto been duoo^ 
^ vered in gMnite.%»JiQaies^> Oeognosfjr^ 1808> p lis; 

This 
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have attempted to assign. to unstratified Syeni- 
tes, in all cases a very different order inthcsys- 



i*«- 



Thiis assertion will apply to no primary nKftmtadn of granite 
m Scotland^ fcnr most of ours either contain homUettd^ in- 
stead (£ mica, or traces of it and dilorite. Many ob^erva* 
tions have shewn that it applies to very few of the granites 
of. the Continent See Mr Kidd's Observations^ wh^e the 
subject is examined at length. Saussure found the place of 
mica supplied by chlorite in the granite of the top of Mont 
Blanc^ (§ S04.) The question here has been maxik narrow- 
ed, and may now be stated thus:. Shall we consider no zock 
as granite^ which contains hornblende^ however pffoufry be 
its position ? Or^ shall we say^ that all such graipitesy apd 
the strata above them^ belong to the second^ the thirds or 

the fourth formation^ or to transition formations?-^ ^Dr 

MacCulloch^(GeoL Trans, ii. 420.) has proposed, widf^reat 
propriety, to give the name of Granite to i^ rodur of^i^bpar, 
quartz, mica, hornblende, or chlorite^ if the fiebpir te olian- 
dant ; and to confine the term syenite to a^pregat^, of honi* 
blende and felspar which are not greenstones, and are asso« 
ciated with traps. 

The Granite Veins near Bunawe in Argyleshire, are de» 
scribed by Dr MacCulloch (Geol. Trand. vol. iv. 120.) as 
consisting both of granite and syenite, both evidently, co- 
e?U8tent, and botl|^ xamifying similarly through tfae.shistu^ 

^ contorting 




temofiUniressal- ForjbatiofiSii from that which 
granite -oc^pies. — ^Felspar ib t^e' principal .con* 
rtitncntof almost all granites, ^d is, iade^, by 
far the inott widely disseminated mineral in the 
world.. Iti is the constituent most subject to de- 
c6mposition> from, the potash and iron lyhich it 
contains; while quartz is the most indestructi* 
ble. 'y. 

No person can view a primary: country 
without being struck by j the diSerenqe which 
appearsy^ when^ leaving mountains or precipjc^p 
of pure granite, he observes the first rock which 
lies above itj and which is often gneiss. I shaU 
not say much on the celebrated controversy of 
the stratification of granite. I believe that it is 
Tiow generally ackiiowledged, that in the great 
mountaii! masses, it is unstratified ; or at lea3t, 
^hat if it be stratified, its stratification is of a na- 
ture 



oontorting it> and haying fragments of it within their sub- 
stance. This is a complete proofs if more were wanted^ of 
tilie geological identity of two rocks so improperly separated 

* i 

fcy Werner, by the accidental presence or absence of the 
amgle ingredient hornblende. 
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§att ttty dififerent fitmithat of the rocks wkidl 
He above iti The largest masses, wMch com^ 

§ 

jpose the cent rtd patts of the highest mdiintaihii 
{ft the old ti^^ld, ate at any rate of the Ifctter 
kind. In the^ discussioti into which I am about 
ib enter, I hope to be able to shew, that granite 
ofceurring regularly stratified in some situadona, 
is not inconsistent with the principles which I 
ttsk ^bout to state. 

I ought not, at the same time, to ooifctel 
ftoiu y0U» that I was long of opinion that gnuiite 
offered a pretty regular and vertical stratifiear 
tioQ in many places, though I could oera: coa- 
jfoundrthis aiq>earance with that of the great xie* 
gulatity of the other strata. The aspect of lonSfi 
f^stensive quarries and precipices of pure gran- 
ite, which I saw for the first time in 1819^ ap* 
peered to have strong marks of regular^ airatifi« 
cation. Several subsequent visits to the same 
spots, and indeed to almost every granite preci* 
pice in Scotland, altered my opinion slowly, and 
hiVe shewn me, that there is vny little of' icg«D^ 
larity in the arrangement of gramte in tile nfiOiHi* 
tain mass \ and that the fissures whence the idea 

of 



49 

of i^ata has arisen, are simple reilts, iiot.6tmf 
pletely continuous^ and not always closely relat** 
ed attheir junctions with each other "^^ : Thejr 
divide the granite into blocks of larger or smal- 
ler size, which decompose, in concentric layenl^ 
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* On the mountain Lochnagar, where the granite predh- 
pice is a mile and a half long^ and from 300 to 1500 feet in 
height, the appearance of large vertical plates is in many 
^pots distinet, particularly when viewed from the. Umi at 
the bottom of the cHfi> or when- ascending in- thtf sleep* 
jcavines. The narrow and extremely deep fissiums exhibit a 
l^preat inequality in the hardness of the rock. Other p^red- 
plces^ frequently examined^ are those of Ben An, Ben a 
Bourd> Ben Chaoim> Camgorm, (particularly aroimd Loch 
An, the most savage and solitary spot in the Highlands of 
Scotland), Ben Macdhui, Breriach/ aild Camtoul, the last 
lAvo offering extensive and very grand precipices, and chores 
or basins, in Glen Garchary. These .mountains, with Ben 
Vroton, Bexk Main, ami others, constitute the cec^al 'lai>d 
of the island, and since 1810, bave been accurately mefr- 
sBre^ Ben. Macdhuik '4300 feet^ i^proaching nearly to 
Ben Nevii> ^ind sf v^al of the rest are above 4000. Their 
positions are irregular with regard to eaeh other ; and the 
whole cluster must be regarded as the most primary tract 
in Great Britain* 



50 



2i Dr MacCulloch has so well described *« 
How often similar rents have been mistaken fer 
the marks of regular strata, is well known to. 
Geologists. Thus, in a paper by Colonel Imrie f , 
the rock of a large-grained conglomerate in Kin- 
cardineshire, the same which continues to skirt 
the Grampians on their eastern side through* 
out their courseto the S. W., is described as stra- 
tified 



* Saussure has lamented the uae of the tenn Vcftical 
beds and layers^ as applied to Granite^ and he seems to 
have been the first who described granite decompoah^ in 
concentric layers. Jameson noticed it on Ben-edilevcQ in 

Arran; (Mineral, of Scottish Isles^ i. 4S.) Seetheexeel* 

lent observations on the stratification of Granite, by Dr Bfac« 
Ctdloch^ vol. ii. p. 427* 

Ramcmd, in his Voyages an Mont Perdu, has deaeribed 
aiCcidental q>)ittings of granite as crystalline farm% accord* 
ingtoDr Berger^whovintedallSaussure's stratified plaees^ 
Les AiguiUes of Chamouni, Stc and found all nnstnrdfied^^ 
(GeoL Trans. 1. 150.) 

At Aberdeen, the woikmen adl the gotfd granite pott; 
and the bad <% f . llieformer ualwi^acoBcretiiotihitiie 
latter, and often of great suse. 

t Wem. Trans, i. 4i55* 
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tified yetttealiy. In ttie whol^ line of this; t:on«r 
glomi^Fate, at Stonehayen, the^urn, Calleiider^ 
Oban, abd othet places, I n^yer could perceiyer 
Dae vestige of stratification i^ vertical masses v^ 
but only rents^ vertical, and often dividing the 
pebbles of jasper or quartz so far from e^ch* 
other^ as to shew the extent of the slips. Qn the 
isea-coast^ some miles to the south of StonehaVet^. 
this conglomerate is seen renting on strata near-r 
Ij hon;i:pntal $ as Colonel Itnrie has himself de^^ 
scribed*; . , 

At anj t^te^ Gneiss;, the next rock to 6ra^ , 
nite^ 19 often very different froni ip in aspectfr 
though it consists of the same materials, quartz^ 
felspar, and mica. . It is alwjays regularly strati^; 
fied, and in most cases this is th6 only certain, 
mark by which^ in hand specimens, it can be, 
distiniguished from granite. It has every variety 
of size of grain, from the largest to the smallest^ 
arid ill this resptect it passes into granite by in- 
sensible gradations, though always different in 
aspect^ from its being a stratified rock. It ge- ^ 

. n 2 jaeraUy^ 

-' —■*' - J- -..■.— .— ... ■ ' • ^ _ r _Ti' ■J, * 

* Wem. Trans, i. 457. 
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nerallj contains more mica than gtanite, an ^ 
less felspar ; but the latter mineral still predo^ 
minates in its constitution. All the vatieties of 
its structure from the large grained to the fine 
slaty, are produced by the varying proportion 
of its ingredients ; for we Constantly find, that 
the largest grained with most felspar is deposit- 
ed in the thickest beds ) the smallest grained 
with most hiica, in the thinnest layers* 

Cneiss^ or Slatjr Granite as it has been also 
called, passes by insensible gradations into 
quartz rock, the felspkr and mica both disap- 
pearing, Werner has indeed placed quartz 
rock above porphyry, and does not seem to 
have paid much attention to it. It has been no- 
ticed extensively by several writers, and as one 
of the chief primary strata, it has been much 
studied, particularly by t)r MacCulloch*, Jt 

consists 



* Saussure (§ 999') describes rocks of a fine granular 
quarte/arraoged in rhomboidal leaves. Kirwan (p. 208. GeoL 
Essays) allows that sandstones^ without organic remaias, 
should be ranked among primary rocks. £>r Townscm 
(Travels in Hungary) observed strata of granular quarti 

(whidi 



Consists of quartz, cither perfectly crystalline ju 
^ppct, or passing into every variety of granu- 

* 

lar 



(which h^ calk priipitivQ fiandstpne) lying upon granite^ in 
all sti^tesy firo^i ^e g^rfgiiilafed to that of breccia..... See also 
Kirwan^ GeoL £98. l7Q..,.FhLyfiBax's Illustrations^ p. 22. 171* 
&C;.... Jameson (Min. of Scottish Isles> 1. 170.) has described 
the alteimatioi pf granular qua|*t^ rock with mic^slate in 
Jura> and thinks it ^u|)prdinate to mica-slate : he mentions 
having sec^ it belqw micaF-slate....See also Wem. Tr. vol. i. 
p. 117v..ile is now inclined to believe in the chemical foTr 
ntaticM of sandstone^ and such conglomerates as the rolled 
rocks and firagments of aU kinds at Cartland Crags^ (Wem. 
Tr. vol. II. 4990 ; suid his words in p. 625. of the san^e vo-. 
lume are^-r? 

'' Rocks having thp sapg structure and general appear- 
ance as red sandstone^ i^ppear occasionally in transition^ 
an4 also in primitive districts^ as in countries abounding 
in day-slate and gneiss^ a fisuct which at first sight ap- 
** pears inconsistent with the general distribution and ar- 
'^ rangement of the different rock formations." 

Homboldt (Tableau de Physique^ 128.) states^ that in 
South America^ quartz constitutes exclusively a mass of 
more than 9500 feet in thickness. 

Dr MacCulloch has observed and written extensively on 
ouirts rock, He thujks Isla the b^ place to determine its 

tnif 
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lar appearance, from the finest grain, till the 
whole rock assumes the structure of a sandstone, 

and 



true position, (Geol. Trans, ii. 413.) In Jura, (p. 455.) he^ 
found the beds of it coarser in texture at the bottom ihan. 
at the top of the mountains. He has traced a ccBnpiete. 
gradation from the most crystalline and compact kind, to )i 
rock with rounded pebbles of quartz inclosed, (vd^ n. 455. ;, 
voL IV. 267- &C.) Hence he infers a structure ^ ity xmrtly 

4 

chemical, partly m^hanical. What felspar it contains^ be^ 
ing partly worn, supposes a recomposed structure, (ii. 460.) 
In Assjmt, Suthe^landshire, he found abundaht proofs 
of its resemblance to sandstone. In l^ky, (ypL iil. SO.) as at 
Balahulish, its surface is often varnished Vith a. silioeous 
enameL Its strata in Sky are often bent and firactured : he. 
traces it often passing intp a complete sandstone, alternating 
with the marble and shell limestone of that island, of which 

• _ _ 

the great masses are constituted of syenite and tnip,1[Ib. 48.), 
In Ben Gloe, it is contorted like micarslate. It pasaea into, 
granite, (vol. iv. 270.) 

My own o)>servations on this important rock, so widely 
distributed in Scotland, commenced in 1812, in Blar. I 
was misled at first by the idea that it was a fine^rgrained, 
gneiss, and paid little attention to it. It there forma seve- 
ral hills; and in that year, I had large specimens of it fixxn 
Invercauld, convoluted in minute doublings.' I cbflerved 

ita. 
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'•and sometimes of a conglomerate. Hence the 
resemblance which many varieties of it havd to 
sandstone^^nd the name of Primary Sandstone n- 
ven to it by several writers. Its place may be re- 
garded as being well determined, both from obser- 
vations, and from the fact, that quartz gradually 
. increases in the. finer slaty kinds of gneiss ; and 
on the other hand diminishes in the smallest 

grained mica-slate. 

Mica^ 



its passage into gneiss^ in several spots around Mar Lodge. 
Dr MacCuUoch's paper, paUished in 1814> established its 
interest Having found in 1812 many rounded nodules in 
the mica-date at the Linn of Dee^ and been led to trace ex* 
tensivelythe mechanical appearances in all the strata, I 
found many in quartz rock. In a journey in I8I6 aroUnd 
Ben GHbe, I found many varieties of its i^pearance, in 
•onnectiaii with micarslate. On the western side of Gart^* 
toul mountain, I found it in 1813 lying above the un8tra>- 
tified granite, in conformable strata. It is always in thdt 
country, nearer to the granite than mica-slate, as in Glen 
Dee, <Hi the Ben Vrotan side^ Hence, with I>r MacCulloch, 
I liave inferred its position. His researches, oa a rock 
which 'oi^cnapies so large a part of the Highlands of Scotland, 
axe in the highffst d^gpr^ interesting. He has certainly es« 
taUished, that its outgoings are not so low as those of the 
micardate of that country, (vol n. H&J.) 
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Mka-slate, or Mkraceous Shisius» 
of mka and quartz. It is always distinctlj stia- 
tifiedy and always slaty in its structure. The 
quartz diminishes^ and the mica increases in its 
structure^ as it becomes more finely slaty*. It 
is the rock which presents the greatest qoantity 
of undulated or waved hendings. Garnet^ born- 
Uende, shorl, and iron-pyrites are its most com- 
mon inclosures. 

Mica-slate, is intimately connected with 
the next rock of the series. Clay- slate, always of 
simple structure, regularly stratified, and often 
inclosing Tariahle quantities of mica, and crys- 
tals of iron-pyrites. 

Primary Limestone follows. Its texture 
is granular an4 crystalline. It is stratified in 
beds oi greater or less thickness, which aie oft^i 
fiiuud occurring in gneiss, and mica-slate, &c. It 
constitutes considerable tracts in some coun- 
tries. 

% 

\ 

Primary trap, when connected with the^ 
rocks, is always in strata, and is divided into 

gramilajF, 



■■W>i 






, *■ > 



* Jsmeacm's Geqgnosy^ p. II9. 
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graaular, and slaty hornblende rock, when it 
consist^ chiefly of hornblende ; or into green- 
stone and greenstone-slate, when it contains 
felspar; and, besides these, hornblende is also 
found mixed with mica. 

The other primary rocks, with the. excep- 
tion of Porpjiyry, are of less ^mportance^ being 
of rarer occurrence, and onjy forming small 
tracts. They are Serpentine, Flinty-slate, Gyp- 
sum, and Topaz-rock, Why the last was intrp- 
duced as an universal formation, or distinguish- 
ed from gneiss, to which it is related, does not 
apppar. It is only found in one hill in Ger- 
many. 

Porphyry is one of the most extensive rocks 
in distribution ; it is also one of those which 
have been least studied hitherto. All the other 
primary rocks, excepting it and granite, are 
stratified : Porphyry is unstratified ; and is thus 
coi^nected with granite and unstratified trap *. 

The 



* The numerous varieties of this rock have been much 
Delected, as well as its transitions. 
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'tlie nature of Porph jrj is to have a basis, 
in which imbedded crystals, or parts of crystals, 
tppear. The basis may be any substance of a 
fine grain, as clay, of yarious induration, or 
clay 'Stone, horn-stone, and often compact fel- 
^ar, and pitch-stone. Felspar is the most com- 
mon imbedded substance \ but quartz is fre- 
quent. These are sometimes perfectly crystal- 
lized, sometimes rounded or irregidar fragments. 
In some porphyries, there are balls of chalce- 
dony, and other mechanical appearances *• 

The position of porphyry is as various as 
Its aspect* It is found in primary and secon^ 
dary tracts. In primary country, it often rests 
Immediately on granite, and is then hard- 
est. 



* As in the ancient verd antique variety. The Swedish 
porphyry contains red and green nodules. Saussore (§ 128$.) 
mentions a porphyry with spots of white felspar, someCimeft 
rhomboidal and sometimes circular; sudi are coauium in 
Olen ^lee. In those of Dauria, Patrin iwggt ^y r w qMto -of 
green and white^ surrounded oSiesi by two yoiies of these 
colours. Saussure (§ 1578.) mentions globules of linie in k 
poiphyry. 
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^st*. Iq other cases, veins proceeding from 
ft, traverse the granite and other strata ; aodi 
in this yespect, associates it with unstratified 
trap f . Jasper, which is a hardened clay, is also 
related to it. 

Gneiss sometimes assumes a porphyritic 
aspect, and so does granite. A transition from 
granite to granitic porphyry has been ti;uced by 

Saussure^ 



* As on &e mountain Benodbie^ m Aberdeenshire^ wliere 
a nuiss of porphyry^ of the hardest clay basis^ inclosing 
quartc^ lies unstratified> upon unstratified red granite. Thiil 
porphyry offers numerous druses of quartz ci^ystals. 

t Fqrpbyrj veins in the killas (grey-waeke) rocks of St 
Agnes in Copiwall^ are described in Geol. Tr. iv. 402. They 
•re from half an inch to forty £set wide. By far the most 
interesting account of veins of porph3nry> is in Dr MacCul-' 
loch's account of the mountain Cruachan in Argyleshire^ 
They traverse the granite ioid shistus^ and are from three 
to fifty feet wide, or more : tibey are well defined, and do 
not produce disturbances in the rocks which they paai 
through. They pass into basalt, of which veins ofscisr in 
the same place^ (voL iv, 121.) 
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Saussure *. As it is unstratified, and has been 
found in the same mountain , associated with 
basalt and granite, it appears to be related in 
position to them. It has, however, been hither- 
to too little studied to allow us to draw from it 
many conclusions f . 

Such 



* Voyages dans les Alpes^ § 155. At the Pass of Leney, 
near Callender^ Dr Macknight mentions an example of mi- 
ca-slate becoming porphyritic, and very hard^ (Wem. Trans. 
I. 284.) 

I have been twice on Ben Nevis, where the porphyritic 
rock of the adjoining district of Glencoe forms an enormous 
nia^s,. resting on a syenitic granite. No stratification ap- 
pears in either rock : the syenite is of pretty constant cha- 
racter ; the other varied in every mode, as in Glencoe. Dr 
Macknight (Wem. Trpns. i. 312.) has traced beds of mica- 
slate and gneiss below. All my observations went to con- 
nect the whole country with unstratified trap, to which the 
relations are numerous. 

t I have here, with the exception of quartz rock, as- 
sumed the Wemerian order of rocks as true, because it 
: agrees w^ll with observations in many countries, but not io. 
aU. Cuvier has acknowledged, that no observations }iave 
fnade the order of all rocks correspond to the descriptions 

of 
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Such is the order and general nature of thd 
Primary rocks. With regard to these, I have' 
already mentioned the first questions, of which 
I shall attempt the solution, the relations which 
they bdar to granite, which is unconformable 
with regard to them, and unstratified. 

The Hiittonian debris, spread over the bot- 
tom of the ocean, has never been shewn to have 
any other characters than that of an uniform 
substance, such as adheres to the kad of the 
mariner. If it separated there into strata, like 
those which we see on the earth, why was 

gneiss 



of Werner. Von Buch found well characterised granites 
lying over rocks containing petrifactions^ in Norway. (See 
Analysis of the labours of the Institute^ Thomson's Annals, 
X. 142. and Thomson's Chemistry^ 1817^ m* ^59*) Raumer 
lately examined the Riesengebirge mountains^ and for the 
arrangement of Werner, substitutes, 1. Granite, which is 
central; 2. Gneiss and Granite; 3. Green^slate; 4. Gneiss; 
5. Mica-slate; 6. Clay-slate : (Thomson's Annals, vii. 478.) 
— all the last five bejng in the mantle-shaped position around 
the granite. 



gneiss the fiirst^ mica-slate the second sti'atiini^ 
fend so on ? 

At the same time, all the stratified irocks 
bear marks of having been fqrmed by tJbe 
agency of watet ; the very existence of strata 
J^hews this^ and their regulairity and paralldisnl 
throughout extended tracts of country, confirm 
it. It follows^ that all the stratified rocks musi 
have b^en originally soft, either from precipita- 
tion in a liquid in which they were chemically^ 
dissolved^ or from deposition from a fluid, in 
which they were mechanically suspended. All 
theories admit one or other of these eonclu- 
sions. 

We may go farthet, and iiifer tbat all thd 
tocks, stratified and unstiratified, exhibit evi* 
dences of the minerals which Compose them^ ha- 
ving existed as the constituents of other rocks,- 
which had been altered or destroyed in order to 
form them- For granite, for instance, is com- 
posed of fragments of crystals ©f quartz, felspar,- 
and mica ) and so of others^ This conclusion, 
however, it is not, in the present stage of our 
inquiry, necessary to consider. 
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It xiiay tend to bring us nearer to a tfutt 
result, ; if the questions, which are, at the pre^ 
sent day, of highest importance in Geology, b^ 
stated, before detailing the facts from which, 
their explanation may be deduced. , 

Why is granite always uhconformaible tot 
the rocks below it, and they, when stratifeed, 
alw^S conformable to it ? 

Why are the strata of gneiss, mica-slatCi, 
and clay- slate on granitic mountains, usually 
mantle-shaped ? 

What cause can be assigned for the uni*. 
form order in which gneiss, mica-slate, and tha 
9ther primary rocks, rest on granite ? 

Why does gneiss generally contain more 
mica than granite, and mica- slate more than 
gneiss, and clay-slate less * ? 

How, can we explain the facts, that the 
largest grained gneiss is always the oldest or 
nearest to granite, and the finer and more slaty 
varieties farthest from it, or newest f ? 

Or 

■I —Mi— III! m ■!■■ I ■—— ————;— —i^—— lit— — ■ in II, 

* Jameson^ Geognosy^ p. 114w 
t lb. p. 115^ ' 
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Or account for the same fact$ with regard 
td mica-slate, the large granular being always 
the oldest, and the fine slaty the newest * ? 

Why in clay- slate does the quantity of mi'> 
ca always diminish in the strata farthest from 
mica-slate, and is least in the newest strata f ? 

Why are the outgoings of gneiss strata al- 
ways lower than the gtahite on which they restj, 
and higher than those of the mica-slate, which 
usually covers them % ? 

Why are the outgoings of mica-slate Strata 
lower than those of the gneiss, on which they 
rest, and higher than those of the clay-slate 
which usually covers them § ? 

Why does quartz rock frequently possess 
marks of a mechanical structure, and connect 
with sandstone, which is evidently an aggregate 
of rolled grains || ? 

Whence 



* Jameson's Geognosy^ p. 119* 

t lb. p. 122. 

J lb. p. 116. 

§ n>. p. 119- 

|] See above, p. 57. 
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... . • , 

Wheilcfe arise the Very general bendiftgs of 
gneiss vsad mica-slate strata ? 

How can we account for the constant trail* 
sitions or passages bf gneiss, mica-slate, clay- 
slate, quartz-rock, &c, into each other ? 

Or for the frequent altdlrnations which stra* 
ta of these rocki always present ? 

Why are thin strata so often connected 
with thick beds ? 

Why are strata df uncon^Udated substanceil 
found in the midst of the^ beirt coilsolidated stra* 
ta? 

What teAion dslh be assigned for the gene^ 
ral direction of the strata of mauy countries 
from N. K to S* W- ? 



i. CJranite * is always Unconformable to 
the rocks above it, because . its mode of form;;l- 
tioii has been different from theirs. 

This may be inferred from the following 
/acts: 

E It 



I ; i> 



It is always unsinUified granite^ or die granite in (Uf* 
concretioHs of Werner, which is here meantt 
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It is unstratifiedy while they are stratified* 

It is found in the highest and lowest situ* 
ations, in the countries where it occurs. 

In mountains containing it, it is always 
the central or conical mass, as the precipices 
shew ; the stratified rocks of gneiss^ . mica-slate^ 
&c. being wrapped around it, in mantle-shaped 
striata, which conform themselves to its posi- 
tion *. 

Like trap, it interferes with all the strati- 
fied rocks ) for most of them have been found 
resting upon it f ? 

Veins of granite shoot upwards from the 
substance of its mass into the incumbent strata 
above them^ disrupting them^ and presenting 
appearandes frequently described :(!• But simi- 
lar veins from the gneiss, limestone, or mica- 
date. 



• ' 



* The descriptions of the Hartz^ and the Saxon moun- 
tainsy in Jameson's Geognos^^ p. 71* afford fine illustrations 
of this appearance. 

t Porphyry^ grey-wacke^ limestone^ and other secondary 
rocks^ have been now often observed resting on granite. 

X First by Dr HutUm in Anan and Glen Tilt 




slate, resting ab granite^ never l»hoot dowii into 
it. 

Its structure is eritirely different from that 
of any regularly stratified rock. Wbrnbr has 
described it with great acburacy *• It is form- 
ed into large globular distinct concretions, frdnt 
one to two or more fathoms in diameter. These 
concretions are Again composed of curved lameV 
l^r concretions; and always include a harder cen-^^ 
tral mass. The spaces between these globular 
concretidns afe filled with granite possessing less 
solidity^ and which decays rapidly, and thus 
leaves the harder central masses heaped on eaeh 
other, or strewed about. 

Dr MacCuUoch has traced the structure 
of granite more minutely, from the appearances 
which it presents when decomposing f. The 
cbbic and prismatic masses into which it se- 
parates, have their angles gently rounded by 
weathering ; a curvilinear outline gradually ap-^ 

E 2 pears, 

. . ; : — : — _*t 

—^ - * 

• Professor Jameson's Geognosy^ p. 105. , 

f See Obeervations on the Oraaite Tors m€(Mmti/' 
OeoL Trans, vol. n. 71. ' *. ! . • 
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fmm, and more or less of a spheroidal fatm i 
at length developed. It must therefore be 
soferredy that the granite is imequally hard 
throughout its mass, from the centre to the 
cixcum&rence, and that a spherical form is its 
original structure. Nodules of spherical gra- 
nite occur in Arran ;. and a particular tariety, 
where the quartz, felspar, and hornblende, are 
arranged in a radiated and ccnEicentric structure, 
is found in Corsica *• 

It will be afterwards found, that this fon^ 
if the same with that assumed by basdt and 
trap rocksf, and that it is the form given by 
nature to all unstratified rocks* 

No 



Mi*MMdB 



* This remarkable rock, not discovered in «te tSl ISOg, 
18 described below under Basalt^ where this subject is re- 
smiled. See also Pinkerton's Petralogy> voL ii. p. 612.' 
6St4h An orbicular porphyry is also found in Corsica. 

In the variety called iyger granite, the hcnnblende 
ndiatinff spheres* 



t See the structure of greenstone in wefttheriim^ hj 
MiK^ttOocl^ ia QeoL Tiin& II. S98k 

See below, under the iiructure of Trapw 
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No gratified rock assumes this structure; 
id tlie nature of stratification is completely 
^»po9ed to it. I^ence q^n original difference of 
>nnation between stratified and unstratified 
ycks may be legitimately deduced. 

We have here inferred nothing with regard 
> the nature of the origin of granite. 



8. A constant relation between the mate> 
lals of granite, and those of the stratified rocks 
bove it, is found to exist. 

For instance, gneiss consists of felspar, 
[uartz, and mica, ^nd differs from granite only 
n being stratified. Mica*slate contains mica 
Hid quartz. Quartz rock contains the quartz 
if granite. For cl^y-slate, I shall refer to the 
3est analyses of that rock ; for when the fine- 
less of ^rain and structure do not allow us tq 
employ the external characters of the simpler 
ninerals which constitute a rock, a knowledge 
)f its chemical nature may assist us*. We 

must 

^ Axuijmiji Cla^-alat^; Silex 48.6, Ahunina 23.5, 

Magnesia 1.6, Peroxide of Iron ll.S> Potaah M, Wat«r 

and 
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must not, however, rest upon this proof alone ; 
for the relations of clay-slate to felspar havi? 
been traced by Jameson, who has ren^arked 
the close alliance of clay-slate and compact felt 
spar in geognostic positjon"^. When we fiiid,^ 

therefore. 



and Volatile Matter 7-6, Traces of Carbon and Sulphur. 
'■^Daubuisson, who endeavoured to shew^ by this anan 
lysis^ that mica-slate and day-slate are only different 
modes of combination of the same elements. See Jour-^ 
nal de Physique, I8O9. 

CompactFelsparof 8aIbe|rginSwe4^^.,.«MSilica66. Alu- 
mina 19. Lipie 1« Potash 5^5, Oxide of Iron 4. Water 2.5. 
•— (Gqdon de St Memin, ^am. Min. i. 380.) 

Compact Felspar of the Pentlands....... Silica 71 -IT* Alu- 
mina 13.60, Lime 0.40, Potash 3.19, Oxide of Iron 1.40, 
Manganese a Trace, Volatile matter 350.— (Dr Mac-* 
kenzie, Wem. Trans, vpl. i. 6I8,) 

3ee Analyses of Common Felspar in p. 31, 

* " The older strata of clay-slate alternate with the new- 
er ones o£ micatsl^te : when the mica*slate is awanting, it 
rests on gneiss, and alten^tes with it in the same mapner a^ 
it does with mica-slate; when the gneiss is awanting, it 
rests on granite, and also alternates with it. These facts 
fhew, that clay-slate is sometimes of cptemporaneous for- 
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lierefore, a great coincidence in their analysing 
ye may infer that clay-slate is a felspar ex- 
:remely comminuted, and little altered. The 
primary syenites and greenstones contain fel- 
ipar and hornblende, which exist in granite. 
Limestone occurs in extensive beds intimately 
ponnected with gneiss, and it appears as a con- 
stituent in some granites*. In porphyry, the 
basis is various, but is generally a finely grained 

rock, 



mation with micaH8late> sometimes with gneiss^ and some-' 
times with granite." J^m. Mineralogy^ i. 442. In p, 4|^8. 
he notices that it probably passes into compact felspar. 

* Chains of mount^9 in panada are formed of a gru/" 
tiite in which limestone is substituted for felspar, Kalm 
first mentioned them. Saussure has described a similar rock 
near Mount Cenis. Werner told Mr Pinkerton^ that he re-r 
garded it as a truly primitiye . limestone. — In the Alps^ tbii) 
calcareous granite more frequently assumes the form of 
gndss^Pmk^rton, i. 209, 

Primitive limestone oden^ alternates with granite, and 
has been often found to assume granitip Ibrms.*— lb. dl4* 

It may therefore be inferred^ that mountains of granitic 
kiinestone had existed/and firom tiieir nature had been more 
rapidly ^sintegrated than other rocb^ 
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rock, often similar to clay*slate, 2^d inclosing 
cxyst^h of felspar, Tlie taiinerals of the secon- 
dary strata may, in like manner, be traced to 
tbe materials of granite, sandstones to qua^rtz, 
clay-slates to &lsp^r, traps to felspar and born- 
blende, &c. 

May we npt then infer, that all Ujlc prini% 
xy stratified rocks haye been formed frosi ^n- 
stratified and more primary granite ? QuartsCii 
fielspar, mica, hornblende, occur in them alL 
j^elspar, like quartz, is found in all the strata * ; 
and is a substapce easily altered, and very liable 
fo decomposition, wbile quartz is unaUerabk. 
And clay-slate, which comes so near to felspar 
\n nature and position, presents its constituent 

• « ' * ' * 

parts wi^h those alterations to which its decom- 
position giyes rise. 

a. This 



rr 



t See Jameson's Mineralogy^ vol. i. p. 875. for a view ef 
^extaishre distributicxi of tius important imnenL^Beds 
fi£ comppot &l8par; in a pure state> occur in godae, and 
jfldMT primitive rock« — ^Ib* p. 38}» 

It should be resuemberediy that felspar fynos 6efjm JOip^ 
80 per cent of the mass of most granite^. 
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S. This relation between the materials of 
granite, and those of the stratified rocks abate 
, is the closer, the nearer the stratifie4 rock is 
the granite, in order of position. 

This is evident, from considering that 
gneiss contains the quartz, felspar, and mica qf 
granite ; that mica- slate contains only its mica 
and quartz; and quartz rock its quartz ; that iH 
-tliese rocks the instances of alteration gradually 
increase firpm granite, and are more perceptible 
in clay^slates, {sandstones, porphyries, &c. which 
^re &rther removed in position from the cen- 
tral granite *• 



4. A mechanical structure of all the stra- 
tified primary rocks will alone explain the uni^ 

form 



1 1 p 



* Theoonstant passagesof all these rocks into each otiier^ 
in a regular cxdex, from day^slate, mica^slate^ quartz rock> 
and gneiss^ to granite, will be remembered here. We hxte 
to account for this constant transiticm, and also for the dif- 
ference between unstratified and stratified rociks. 
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Ibrm order which they observe in their position 
ftbove granite. 

This will arise from the following consi- 
deration^. 

A regular stratification implies the idea of 
a mechanical deposit from water ; and that this 
is indeed the true explanation of a regular se^ 
Ties of beds, strata, or layers, is generally a4* 
initted^ 

If it be admitted as to the secondary rocks, 
why should it not be admitted as to the prima* 
ry ones, since, as far as stratification is connect- 
ed, no difference appears between these two 
classes of stratified rocks, which graduate into 
«ach other ? 

Marks of mechanical sti:iictui:e fippear in 
all the primary stratified rocks. In gneiss, 
the particles which constitute the mass of the 
stone, are irregularly disseminated through it in 
numerous cases, and pieces of rounded quartz 
^ften appear in it. I am aware that there are 
marks which distinguish some of these from 
rolled pieces in more secondary strata, and that 
they are commonly denominated cotempprane- 

ou& 
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3* I shall therefore at present only infers 
it a mechanical action appears from the frag* 
snted crystals of which gneiss consists, being 
ry unequally distributed in the rock, and 
wa, masses of quartz and felspar constantly ap- 
string in it *. 

In mica-slate the mechanical appearances 
:rrease, and the inclosurejs of quartz bear two 
irks of mechanical action ; they maybe with- 
iwn from the rock with surfaces presenting 
iiks of wearing; and they often exhibit 

very 



* Werner had in his possession a nodule of gneiss^ in- 
aed in granite. — (Jam. Min. of Scottish Isles^ i. 41.) Saus- 
e observed a mass of granite^ which contained an oval 

ce of gneiss. It is probable that these granites were parts 

-.■■■•• » . , , 

stratified granite: for Dr Grierson (Wem. Trans, ii. 384.) 
res a minute description of fragments of compact gneiss 
miring in ^e stratified granite of Galloway^ and men- 
is particularly the distinctness of juncture^ and the '^ gra^ 
9 and gneiss alternating a vast number of times ;" whence 
^[ard the whole as gneiss. Saussure^ § 661. gives ao 
ints of granite imbedded in micap-slate and gneiss. 
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wcTj jBat mas|e9, lying alwa>c in the direction 
of the strata, and presenting examples of a com* 
pressing force having acted upon them when iq 
a softened state ^. 

The mechanical nature of Quartz rock, and 
fts being in many cases only an aggregate of 
^gments of quartz of all sizes, has been aU 
l^ady stated, when giving an account of its po* 
fition. It is in fact, from all tliq appearances, 
fk highly indurated sandstpne f • 

Clay-slat^ 

*•*— II ■ I I I I ■ I II n il I ■ II I n I ■ — ■— II , , 

* Saus8ure> § 1366. describes a mica-slate inclosing quarti^ 
in the form of lentiles^ of some inches in lengthy and one or 
two in thickness. In Dr Macknighf s desqriptiqii of the 
mica-slate of BenLedij " the masses of quartz often apj^ear 
fiS if closely wrapped round by the substance of the slate^ 
like what might have taken plape had the slaty matter form- 
ed around them as a sort of nuclei by the accretion of suc^ 
«es8ive layers."-— Wem. Trans, i, 291* I{^ calls them cor 
temporaneous. 

m 

t Saussure^ in § 763. mentions a sandstone graduatuif 
into gneiss. Kirwan mentions 9 sandstone near PrBga% 

■ 

graduating into homstone and granite^ (Ged. Essays, 909.) 
Dr MacCuUoch^ in his description of the gneiss toAm in 
pnemaej, (G^L Trans, i. 9.) mentions^ that they hare ereiy 
Tariety of constitution^ from a true granite to gnrias, mioK 
«late> felspar only^ and quartz only. 



Cltlj-slate is closely associated with ana 
isses into mica-slate ^ when purest, it has all 
le characters of a deposit of finely divided par* 
cles of matter, and when Mica is entangled iii 
s substance, the plates of mica, as in gneiss 
id mica-slate, are laid parallel to the direction 
: the strata. 

The constant passages or tfasidons which 
neiss, mica -slate, and clay-^slate present, is ano-^ 
ier proof of mechanical structure. Gneiss and 
:ratified granite form in many situations but 
ae rock. Gneiss and mica-slate p&ss into each 
ther by the most insensible gradations. Quartz 
DCk often contains mica. Mica-slate and clay^ 
ate ate allied in the clost manner ^. 

The 



• . ■ . i *. 
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* See, B9 above, Jameson's Gfc^o^osy*— The appearance 
r gneiss^ &d is ever varyitig. Granite^ in monlitains com<A 
oaed of it, is the atdy primary ro(^ in trhich I have ob« 
arved any approach to a regularity of grain and structure, 
1 die large scale. On Lochnagar mountain, I could per^ 
nye no difference in the appearance of the rock in a ravine 
SCO feet high : gneiss is very different—Mr Horner (GeoL 
"rans. i. 1S5.) obssrves^tfadl in the MfhmaHSia^rerjfew 
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The remarkable &ct, that the largest^grain- 
fed gneiss is the oldest, or next to the granite, 
and that the grains decrease in size as the rock 
is newer, is another proof of mechanical deposits 
For this appearance, and that of the transitions^ 
can be only explained on the supposition^ that 
the fragments of crystals which constitute these 
rbcks, were let fall from a liquid in which they 
were suspended, and that the larger fragments, 
being from their mass less resisted in their de- 
scent than the smaller ones^ fell first, with least 
mica ; that the felspar grains fell more slowly 
as they became smaller ; and that the mica in- 
creased in quantity, from the resistance which 
the shape of its plates opposed to its descent 
through the liquid. 

In the facts observed by Werner with re- 
gard to mica-slate and clay-slate, tlie atx)Te in- 
ference meets with new proofs, fn mica-slate, 
as in gneiss, the largest grained is always the 
oldest, the fine slaty the newest. And mica, 

from 



tocks of a homogcncoiis structure appear : they are unstrap 
tilted fyenitic rock& 
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from the form of its small plates of crystal, is or 
all the simple minerals that one which would re- 
main longest in suspension in water, excepting 
fifaeij^ divided particles of felspar and clay*i 
if we allow this simple explanation, we shall be 
furnished it once with the cause why mica gra- - 
dually increases from the oldest gneiss to the 
newest mica-slate, ^nd as gradually diminished 
from the oldest clay-slate strata, to the newest) 
which contain none of it f . We also s6e the 

treason 



* Mica descends even to various alluvial deposits ; and 
to sandstone^ wacke, amygdaloid^ basalt, &c. Jameson's Mi« 
neralogy, i. 454. Can any difference be shewn between 
th)e scales of micsi in these and in the more primary strata? 

" It sometinies forms short beds in granitef and othef 
primitive rocks j or it appears in globular^ oval> tuberoa^ 
or irregular-shaped cotemporaneoud masses in granite at 
gneiss." — ^Ib. 454. ts not this a description of appearances 
4ifier^it ftom those of a chemical precipitation ? 

t Dr Macknight describes isolated masses of quarts, with 
the layers of day-slate lapped around them, and obeying 
exacdy the irregularities of their various shapes, (Wem. 
Trans. yojL u. 40a)...He infers, item the aspect of the mica* 
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reason why the order of the rocks is. 
Quartz rock| Mica-slate, and Clay-slate. 

Tbtis a cause connected with their m^ha- 
nical structure Explains their order of positioi 
around the globe. But, as this subject is tepa- 
ble of direct proof from experiinent/ 1 have eii^ 
deavoured to strengthen the above cbnclusiofas 
by an appeal to that test. Experiments with a 
view to the illustration of Geological facts have 
certainly been made tod sparingly. How AvucYl 
is it to be wished, that a well-fumlshed labora- 
tory were set apart for this purpose alone. 

A wooden box was constructed, six inche -s 
Square and nine feet in height, pfbvided with -^ 
moveable bottom, by which a sqilare tray aboi 
six inches deep^ could be introduced. Two sidi 
of this tray were formed of glass, to allow 
undisturbed inspection of its contents; Whe^7 

th<? 



slate strata near Loch Lomond^ that the undulations wert 
produced by deposition from a fluid affected by currents. 
This is c^tainly calling in ^ mechanical cauae to Act; and 
from inspection of much mica^idate in the same country in 
18ll> I drew the same inference. 



it: 
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the box was filled with water, the iraj being^ 
previous^ inserted above its bottom, various 
substances previously arranged were let fall 
throu|^ the liquid, so as to imitate, as nearly a» 
possible, the mechanical suspension and deposi- 
tion of the stratified rocks. As the separation 
of the constituent parts of granite by poimding 
is difficult, granitic sand unconsolidated, and 
presenting the proper proportions qf quartz, mica,, 
and felspar^ was selected from a quarry. The 
&:st i^ttempts were not productive of good re- 
sults, &opi the rapidity with which the frag- 
ments fell down : this was prevented by intro- 
ducing into the box an endless coil of hair, re- 
sembling the rope-engine of Vera, and turned 
slowly by the usual means* The gentle agita- 
tiop. thus communicated to the water, retarded 
the deposition ; and when the materials of 
small-grained gf»nites were let fall, granitic 
sand was never reproduced, but a gneiss gradu- 
ating into mica-slate, most nuca being upper- 
ixxost. With mica-slate in powder were mixed 
various portions of blue clays, reduced to a fine 

division by burnings ^nd such results as had 

F been* 
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been anticipated, appeared. Felspar is a heavier 
substance than quartz, and in grains of equal di-i 
mensions, falls quicker ; but in gneiss the grarosr 
of felspar are in most cases larger than those of 
quartz. It will be easfly seen, froth these trials^ 
that ih substances descending through water, 
the resistance arises from the specific gravity and 
the size and form united. — ^With water saturated 
with salt, the results were still more distinct.— ^! 
Thesesimpte experimfentsmay be easily repeated';* 
and perhaps they afford one of the best modes of 
studying the nature of the stratified rocks. 



■ 

I shall proceed' to another proof of itiecha- 
nical formation, derived from the outgoings of 
the strata of the primary stratified rocks. The- 
outgoings of gneiss Strata are always Ibwer thanr 
those of the granite on which they repose ; and' 
higher than those of the mica-slate, >s^hich com- 
monly covers them. And the outgoings of mi- 
ca-slate strata, are lower than those of the gneiss 
on which they rest, and higher than those of the 
clay-slate which usualty covers them. 

Upon * 
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tJpoii the theory of an otigtn from Granite^ 
dad <^a mechanical deposit from a Itqiiid^ this 
is exactly what should appear in thcise stiatar^^ 
For the materials of gneiss^ mtcja-^slate^ and clay^ 
slate, falling down abov6 a central imcQDfi3rm<^' 
able nucleus of granite^ the finest particles would 
be dispetsed to the greatest distance, and wonld 
coyer the oiitgbings of the resti The mica-slate 
would g^ beyond the gneiss^ and the finer par* 
tides of the clay-slate would in their turn c:aver 
the mica-slate. , So that the outgoings of the 
strata would be the same with what we observe^ 

The mantle-shape of the strata of gneiss, 
tnica-slate, iahd clay-slate affords another proof 
of mechanical deposit around a nucleus. This 
is observed in the most primary mountains only^ 
as in those of the Hartz, Saxony, the central 
groupe of Scotland^ Sc-c. T^e Wernerian de«* 
scriptions here are precise and accurate ^ thej^ 
ak>ne e&hibit the appearances of nature ; just aH 
Werner has given one of the best descriptions 
of unstratified Granite. Thus, in the Hartz 
mountains of Germany, the granite of the Brock" 
en rises up through all the. strata* The strata. 

f2 of 
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clay-slate are wrapped around it, gneiss aud mi-i 
caislatc being wanting. The other strata suc^ 
ceed, each with lower and lower outgoings^ ill 
the surrounding hills ; each stratum reaching a 
lower level the farther it proceeds from the cen- 
tral mountain *. All this is evident, if a me^ 
chanical deposition be supposed. 

The constant alternation of beds of gneiss 
with those of limestone^ mica- slate^ and jHrima-^ 
ry trap^ Sec. shew/ that on the supposition of ai 
chemical deposit from a liquid, the causes ne— 
cessary to explain the phsenomena must be ex^ 
tremely complicated, and at present entirely be- 

^ "^ yond 



* Jameson's Geognosy^ p. 71- 

With regard to the formation of strata on planes of great 
devation^ some facts aremscertained. The debris <m Salis- 
bury Crags lie onUe hill at aii angle of 50* nearly. Seme 
parts of the debris on Ben Macdhui and Ben Nevis can 
scarcely be estimated at less than 55^. On Camtoul^ some 
of the debris above the Blue Lake averages 60^. Hum- 
boldt has remarked on the deception which arises in esti- 
mating the angle at which a mountain rises^ and has de- 
scribed a contrivance for measilring accurately. — See ajso 
Dr Macknighfs observations in Wem. Tr. voL n. p. 40S. 
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yaad the range of our knowledge either of che- 
mical solution or precipitation. Here no ex* 
planation has been supplied, nor any of that idea 
of gradual passage from perfect chemical to per* 
feet mechanical deposits, upon which the Geo«- 
gnosy of Werner is founded, and of which Na- 
ture offers to us no trace *. On the theory of a 
degradation from large granitic masses, the pre* 
sence of alternating strata confirms their me^ 
chanical nature* ^ For the disintegrating causes 
which act on the granite must, from their na- 
ture, act unequally, and alternating strata of 
the same rocks be in many cases produced on 
the same spots. The action of rapid currents 

will alone tend to produce them f . 

Thp 

I ^ 1 '■ 

* '' The primitive parts of the crust of the earth are 
mUrefy dkemical productions; whereas in the newer and 
newer^ we find a bi^ginning ^d increasing quantity of me« 
chanical depositions."-^WERNER's second inference in Jame^ 
•on's Geognosy^ 69. This implies a constant mixture of 
chemical and mechanical deposits in many rocks. 

■ 

t This action of currents has been adduced by Mr Fle« 

» ■ > > 

ming to explain some appearances in Papa Stour in SheU 
land. (Wem. Tnms* 1. 173.) 
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The appearance of thin altcrnatini^ witl^ 
thick strata, is another proof of mechanical de- 
posit. This takes place in our experimental imi- 
tations, an4 may be referred to the same cause 
which produces alternating strata. 

It still remains to apply these principles to 
that regularity w)iich is observed in the direc- 
tion of th^ greater part of the strata^ Few &ct^ 
have been more hostile to the Huttonian hypo- 
thesis than this. To suppose the action of heat 
from below upon strata of gfieiss, slate, &c« 
freviously consolidated, is to introduce a power 
of irregular and violent action, displacing the 
strata in every direction, and to a great extent. 
Against an explosive agent, regidar bearings of 
strata to a great extent are entirely opposed. 
From ail my obseryations, I have been i^d, witl^ 

* • 

many others, to the idea, that the great masses 
of the strata have been formed in the cpots 
where we now see them? But fK) inconsistent 
cy will arise in supposing that they were depo- 
sited above those nuclei whence they derived 
their materials. These materials did not come 

originally 




iMrigiialfy from abovis, but arose frma the disr 
^ategfilkm of tiie maMM oil tlie surfacei 

jPMlli lUl cbsenrations it does not appear^ 

«]Mift iilipi (MdMbs one general directkm or dip of 

IBtrata^ Vhipb is thi^ same in primary, transition^ 

^nd secondary rocks. The mantle-shaped stra« 

^^ y^hicb invq^ granite mpun^ins, the great re-* 

S^ularity of their outgoings in primary tracts^ 

Ithe higher inclination of their strata frpni their 

jesting on granite, and their direction and dip 

T)eing ccmformable to those of the sides of the 

fondameptal rock, all give rise to a great diffe-^ 

rence in the appearance of these strata from that 

of those of lower situations. It is chiefly in the 

latter, and at some distance from the mountains 

of granite, that a general direction is visible. 

In extended tracts of mica-slate and clay-slate, 

it always appears, as in Scotland, where I havo 

traced it from the extremity of the valleys in 

the mountains of Mar, to the shores of Argyle- 

/ihire at Oban. Throughout the whole line of 

the Grampian chain, the strata run from N. E. 

to S. W., and this general direction is the same 

with that of the ran^e of these mountains. In 

tb? 



i 



88 

the numerous narrow gleps of Mar and the fq 
rest of Avon, this appearance ceases^ and th 
paantlc-sfaaped strata pf Werner come. into view 
Humboldt, from his ohseryations in Qennaiij: 
Switzerland, Italy, Galicia, and South Anjierica 
has inferred a general direction of the strata i 
all these countries, from N. £• to S. W« at aa. 
angle of 50^ with the meridian, and a dip undec* 
an angle of from 60° to 80*^ to the N. W. 

No fact in Geology can be more interest- 
ing than this ; and, if connected with other ap- 
pearances, it leads to conclusions of the most 
i;^fid kind. Humboldt himself draws firom it 
that inference to which all the principles above 
developed tend, That the direction and the acr- 
clivity of mountains and mountain ranges, are 
phsenoptiena subsequent to the formation of the 
original mountains themselves. I confess that 
it was this confirniation of my ideas by a tra- 
veller so illustrious, that has led me to state 
them so generally- — " f he strata of the origir. 
^- nal mountains appear, amidst all the angles 
*f of direction and dip at present obsQirvable, 
M to have existed befpye th6§e <;h9Pges pf the 

" surface 
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•* sur&ce of the earth. They arc the safne at 
^ the summit of the Alps, land at the bottom 
" of the deepest mines. When we travel fot 
^* fifteen leagues over strata of clay-slate, which 
'^ are parallel to one another, and dip at an 
*' angle .of 70^ to the N.W., we can no longet 
" believe that they were deranged strata, which 
" were oiKre horizontal*.'* Now> on the theo^ 
ry of a mechanical deposit from ari extended 
mass of waters, this is exactly the appearance 
which we would expect to find in^ nature. A, 
few mantle-shaped strata would be left around 
the central pjnramids of granite ; but the great 
deposits of rocks, both primary and secondary, 
would, from the transportation of their mate^ 
rials, take place rapidly and uniformly over ex^ 
tended tracts. 

Humboldt 



* See Von Buch's Description of Landeck^ Appendix^ 
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' HtTMBOLDT hints at the cause of an 
pearance so general, and is of opinion that it daftzr 
be founded only in the rotation of the Earth *^ 
«^Ih a spheroid covered with a liquid, through: - 
which mechanically diffused substances wet^ 
fallings which is in motion on its axis fronr W» 
to £. and is not acted on by influences wfaictr 
produce vibratory tides, the suspended mMe- 
rials, from the combination of the rotatofiy m6^ 
tion with the diminishing velocity comnSMMi- 
cated to the waters from the eqwatof to the 
pole, would assume in their deposit the d^o^ 
ml lines from S.W, to N.E. f 

Such would be the case in an unifortn mm 
of waters. In a spheroid, on whose sur&ce 
large masses of land were thrown up in clus- 
ters, 



* Wem. Trans, vol. i. p. 107. 

t It IS retharkable, ihht in the Scottish mountains, tto 
prmcipal choires, or hollows, open to the N,E. 



discordances would arise, and the general 
would not be always preserved. £nougl| 
>f uniform direction of the strata would, how- 
ever, remain to testify the regularity of the 
^9use which had acted in their arrangement. 
AJid thus th^s explanation supplies us with an- 
>tli6r proof of a mechanical deposit of the ma*- 
:erials of all the stratified rocks, if more proofs 
erere wanted; The facts observed are inconsis- 
tent with the idea of ^ chemical precipitatioUt 
Tbey form out of those links which connect in- 
timately the science of Geology with the re- 
searches of Physical Astronomy, and exhibit 
new relations between the worlds which sur- 
round i|s, and onv own globe. 



Thpse are the proofs which have appeared 
to me favourable to the mechanical origin of all 
the primary stratified rocks. They constitute a 
mass of evidence which explains f^r more of 
the appearances of nature than any other theo- 
ry. I might here add to them, that proof 
which is derived from the fact^ that no liquid 

solvent. 
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solyept, but water, is attached to our planet, 
^i^d that it could not be the liquid which disr 
solved all these rocks, because it is possessed of 
po such powers. Some geologists have indeed 
hinted at the probability of its solvent powers 
being brougbt into action by heating it to a 
temperature under S12® ; but of this, alsQ, tb^ 
whole range of chemical science applies ys 
with no proof. It is not sufficii^nt.to prove. that 
water can dissolve small quantities of sile:^. or 
alumina, or larger quantities of those earths, if 
both be placed in it in a minute state of diyi- 
js^on"^; water must h^ve dissolved the whol^ 
masses of unstratified and stratified rocks, in 
order to accomplish the ei^ds of tl^e Werneriap 
Geognosy. It must, even in the metallic veins, 
have acted on all those metals, to which, at the 
present day, it possesses no relation of solution 
whatever f. — That the waters of the globe 

were 



F Murray's Comparative View, p 80. 

t It is necessaxy to find precipitants, as well as to dis* 
^^tAve, and to have these acting and ceasing to act at various 

Intervals. 



Were present, at the formation of our unstrati-^ 
fied and stratified rocks, is evident from the (U 
gure of tke earth, the appearances of stratifica- 
tion, and the existence of water in them all* 
That it was present in the metallic veins, is evi-^' 
dent from the water which thty often inclo^ei 
The organic remains attest its existence wherf 
the secondary strata were deposited. — I am, 
however, unwilling to press this ptoof, fof d 
reason already mentioned, that it is not from 
evidence of' this kind that we are to attempt 
the interpretation of nature ; hut froni the stU- 
fly of the rocks, and the simple minerals them- 
selves. Without this one, all the other proo£b 
ef mechanical origin corroborate eadi othen 



It 



intervals. The Wemerian principle is in fact bounded by 
the limited quantity of water belonging to our world. See 
Murray, ib. p. 87* for the best defence <^the solvent powers 
of WAter, It is rather remarkable, that the progress of 
dbemical . science has added nothing to this. principle, of 
'Werner, while many new facts have been observed r&- 
Jijpectifig'die -action of heat 
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It is now necessary to consider an objec-* 
tion to the whole of the above reasoning ; — an 
objection to which I paid so much attention;, 
that it alone constituted the chief reason why 
these proofs were i^ot sooner placed in order ; 
for it appeared for a long time to be insuper- 
able. In a case of this kind^ where the appear* 
ances of nature afford conclusions io simple and 
obvious to him who studies them, and yet wherci 
one fact Cannot be e^itplained consistently with 
our present knowledge of minerals^ it is oiit da> 
ij to wait, ^nd to examine. For it ii certain^ 
that one appearance ndt explained, and j^et by 
its relations bearing on the explanation of many 
odxers, will overturn a theory completely. 

It willj then, have already occurred to you/ 
how, on the theory of a formation of all the 
stratified rocks by mechanical deposition solely^ 
it is possible to acccHint for the perfect appear-^ 
ances of crystallized minerals which we find 
inclosed in them all. Every observer is fami- 
liar with these appearances^ which, with some 

propriety^ 




firdprietyi are called cotemporaneous, because' 
they are evidently of the same acra of formation 
with the rock itself^ or nearly so. Thus gneiss^ 
quartz rock^ mica-slate, clay-slate, and all other 
jrocksy from the oldest gneiss to the newest chalky 
without one exception/ enclose crystals of quartz^ 
felspari horohlende, garnet^ actynolite, iron py<<t 
ritesy topaz, and indeed all the minerals which 
are foimd in beib. These, too, often constitute 
a considerable part of the masn of the rock ; as 
garnets hi nuca-slate« All are true crystalliza* 
ti(His > and^ with those larger and finer deposits 
found in veins^ seem to have been formed by a 
process similar to that which we observe in our 
artificial solutions of salts. If heat was th0 
agent, that heat which hardened, did not melt 
the strata^ and therefore could not melt an4 
crystallize the crystals which they involve, since 
they are as infusible as the strata themselves^ 
If water was the agents where was the space in 
which it could exert its energies, should we gra« 
toitonsly bestow upon it the power of dissolving 
garnets or iron-pyrites ? Let it be remembered^ 
too^ that every appearance indicates that these 

crystals 
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er^fstals wef^ formed subsequently ' to' the ftY- 
fangement of the strata. They bear no nuitldi 
of mechanical degradation } they have formed 
wherever they found room to shoot forth their 
crystals ; and they are clostely related to the 
space around them^ from which they h^ve ;ne<^ 
ver been removed since the date of their ort^ 
gin. 

Upon the subject of the crystallization of 
minerals^' few facts have yet been accumulatedi 
Most theorists have felt the above objection^ 
and finding it impossible to answer it, have 
pa^ed it in silence. Some, like La Metherie^ 
have supposed that felspar tequires most water 
to crystallize, and must therefore be the oldest 
rock J but felspar occuris in every rock,, from 
the oldest to the newest. Others have arran- 
ged hornblende, quartz, mica, magnesia, and the 
metals^ in a regular order of relation to water^ 
without one fact to support their ideas. The 
opinions of Count Bourno^ *, and Mr Kjr- 



* See Philos. Ttaiui. 1804, p. d9< 
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WAK*, convey no satisfaction to the in^uiren 
They both suppose a complete solutiooi in waA 
ter,. like Weicner, who explains the deposits 
of ..Qietallic yeins by a succession of precipitates 
following each other, at times very distant, from 
the same solution f . At the present day, Ber- 
Z£Lius has confessed his inability to explain, the 
formation of a metallic sulphuret in a vein^ ex^ 
c^pting by the agency of the electrical fire Ji 

Yet 



* See his Miiietatbg^^ Vol. i. p: ^. (2d tSMM). Bodi 
qpeak of a ^rcxJpitaMion of tlie molecules of qturu^ carbonate 

'^. When a fluid holds in solution the integrittit molecules 
of several different subidtances^ the molecules of one substance 
pa^s betV^een those of th& others^ and ^ach obeying its own 
laws of attractioTi^ dystallizes separately. Thei« is not a 
inetaUiftrottd vein mrhidi does not contain examples of this;*' 
^ce. Colmt de Bournon^ in Traki de Mintralogie, taau Hi, 

t Werner's New Theory of Veins, Dr Anderson's tran»^ 
lation, p. 119. 

X Berxelius' Attempt to establish a pure system of Mi^ 
nendogy. Sec, 1814, p. 19; mOe. The whole passive is a em* 

gulatf 
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Tef there are not wanting sereral facta^ 
which, if extended, will afford us new news of 

that 



-* *^ ■ - ' •*- ■ -■" -Tll- '■ 



gular example of aligning a cause^ of the mode of whose 
action we have at present no means of judging. 

** the opinioD^ that minerals have been produced bytihfe 
fusing agency of a high teuq>eniture, and a ooBseqaenft 
coolings has not yet lost all its advocates^ although a sin^ 
decrepitating crystal^ a single petrifaction^ is a;i inoontes* 
tible truth for all who can perceive what is proved by the 
agency of these. It is dear, on the other hand, that we ot" 
ten see erystak^ whidi, according to what we haVe hidMarto 
been taught by theory, nevcor can, as 8udi» have b^en dier 
solved in water ; for example, sulphurets and ai^eniiwets of 
metals. But here we must reccdlect, that in the solutions 
ivhich are carried on beneath the surface of thfe earth, a 
|)ower operates which we never can dispose of exactly in the 
same manner in our experiments^ namely, electricity, and 
Ithat which in our experiments is produced in the course of 
a day or two at most,' may in the bowels or the earth re- 
quire centuries for its developement The blended mnases 
of the globe, burst through and penetrated on all sides by 
intruding water, produce innumerable multitudes of electri-* 
cal circuits, which cross one another in all possible direc- 
tions, without impeding their separate openitiona, Vke the 
rays of the sun on the suxfiice of tiie earth/ and detetmiBe 

the 
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ffeit cr^allizinig ptocesis which ttktui* hM em* 
]^yed, arid ktill carries on. It is not, fotin* 
stance, necessary to the formation df a ctystt!/ 
that fioltttfoil in any liqiiid should take place ; 
rior hail thi* process any telfeftion to the irih 
For sulphur, cdrroiiivc suHiniatiCj several metafe^- 
artd other bodies, condense in tracuoy and tfife 
forming trystal must therefore arise from gra- 
Ami flepdsits of matter in the state of gas. Si- ' 
lex has been sublimed in artificial fires, and is 
c^flen formed in stalactitical appearances in the 
cavities of cooling lavas, of which the heat is 
well known not to be great, 

Spallan^ani found zeolites near the hot 
stoves of Xipari *. All the mfetals tnay fee sti-' 

blimed, ' 

--• - -I- ■■' L . . 

the eternal activity by whidi the masses of the hxlenot df ' 
the earth slowly experience incessant dhahges, destroctxcin, 
and new fiirms. Crystallizations, solutions, reductiohs, oxi- 
dations^ take place here incessantly, under fbrtns atid prb«* 
portions which art> unable to dispose af its efficient powers 
in the nine manner, will never perhaps be capable of imi- . 
tatmg." 

* See his Trayols in the Two Sicilies^ vol ui. p. 56.*-<^ : 
l^r MacCuUoch relates a sublimation of silex in his furnace. 

o2 ' (GeoL 
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blimedy and their gases condensed^ in fonni 
more or less crystalline*. It is not diflicidt to 
conceive of the fonnaticm of crystals from aerial 
substance ; but it is not so easy to understand 
the progress of crystaIlizati(Mi after a mass of 
matter has become to all appearance solid. This 
fstet was first observed and reasoned upon, by 
Ml. G. Watt f , in his experiments on the 
changes produced, by slow cooling on a large 
mass of basalt. There the formation of a ra- 
diated structure, and spherical forms, continued 

to 



GeoL Trui& n. 275.) Brdslic ^Dimd gpiceoos rtalartftps ^ 

en the walls of a house overwhelmed by the Vesuvian lava ^^ 

of 179^; and his escperiments shew^ that that lava, whea -^ 
flowing, could melt copper, but not silver. 

I^oeous stalactites, like strung pearis, occur in Tnrhifl^ ^ 
in the Solfiitara, and in the Maremma of Tuscai^, (GeoL —- - 
Trans, u. 299-) 



* The new blowpipes allow this to be done j but 
years since, Lavoisier gilt a plate of silver, by pladng 
above gold, in a fiumaoe urged by oxygen gas. Arsenii 
Tdlurium, Zinc, &c. sublime at low heats. 

t Philos. Trans. 1804, p. 29O. 
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to go on after the mass had become solid, and 
^r days, till at last small ciystals began to ap- 
f)ear in the stony substance. The change went 
on from glass to a rock inclosing crystals. The 
changes incident to glass, when it is exposed to 
heat for some time, without approaching fqsion 
of its substance, in order to convert it into 
Reaimiur's porcelain, must be ascribed to a si- 
milar arrangement *. When hot steel is plun- 
ged ii) water, in order (o harden it, its particles 
take a crystalline arrangement, and occupy 
more room ; for steel in the hardening process, 
decreases in density. These and other phaeno-. 
, mena, shew us that motions and crystalline ar- 
rangements take place ia solid matter. We 
infer these motions, with certainty, from the 
facts ; but ^e subject of cohesion is too obscure 
^o allow us ^t present to generalize them. They 

seem 






* It has been 'well established, that Reaumur^s porcelaim 
Ss a species of crystallization ; and of course, that glass crys* 
tallixes at two periods; in Prince Ruperfs drops, when it if 
cooled rapidly, and in this porcelain where it is Copied very 
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E^rn to l^e cono^cted with an extensive ;:angii 
of pj^qpnomepa, of whi^h the i^al][c^ble metali 
gflfofd ug ofie e^am|de. In hao^ipering tbei^, 
thoir den&ity i$ Uicr^ased, and heat i$ given 
A>utv but, in thls^ pperation, we can t^^aQsfer ^ 
part of ^he substance of the metal, as lead, to a 
diManpe froq^ its original place in t^e mas^y 
^d y^t do this without overcoaiing the cohe- 
^ye fpfc^ whicl^ ,^pfit;inu^s act during tli^ 
4(spl9CQment pf the particles. 

It i$ obvioviSy that the adii(ii$sion o^ ^ pri% 
jpiple of this luc^d 9^y be ^pplie^ to f xplajin 
j^any appearances; and Mr W^tt hfisi referred 
to its HP^op, wi^h great prpbabilUyy the change 
pf lava^ 4q^ that pprji^yritic structure, which is 
«p cpmiQon in them, the foirmatipn of leucites 
aod augitfs in their substance, and the origin 
of all porphyries in general Those limestones 
.lyhiph pass slowly from a radiated concentric to a 
compact and crystalline arrangement, may have 
their change produced in the same manner *. 

Let 



■ ■■■ * » ■■ ■»»■ ■«^—»^w«r~i>^i^'»*'»j»'f^»>iy 



* Philos. Trans. 1804, p. 297. 
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Let OS next inquire if we have any fjaaixh' 

gouft fiicts to guide us with respect to aqueous 

solution. Long crystalline ramificatipi^s of thi9 

ice form every winter on our windows ; and as 

the water which forme<i them could scaicely 

t)e in any case said to he ^ cantinuous substance 

laVer the surface of glass which it speedily runs 

down^ it may he inferred that the size aii4 

sjonmetry of the arrangement which we jsee on 

jthe pane^ does not arise from a c)7stalli2Eati0Q 

of water over its whole sur&ce at qnce. but Soir 

lows froiq the gradual deposit of liquid fr6m 

the rain 01^ cooling aip. Yet all the ice en the 

glass is connected h} one form, which mt^t have 

arisen gradually from successive deposits of wa^ 

t«r ♦♦ I have also frequently observed, that in 

saline 



^p^*iw»«^"""^ii*» . 



^ Iti^not meanly that in* no eaec^ a» much wster i^te 
As g&i88 at once^ as there is of ice formed^ but that the urn- 
^ of the arrangement requires this explaniition. What con- 
firms it is^ that on a close inspection, th^ ice will be found 
lUcksr on one pinrt litm another and m aey^ case% parts 
of the (^ will be altogediar free &o«i ft. Th^ whole of 

fikk vffiy eaumm iq^^iearainQe dssor?!^ inimit^ iqvciptiga? 
tion. 



«dine solutions, such as nitre, if a qiiafntity be 
allowed to evaporate very slowlj at the ordina- 
try- temperature of our winter, we have not a 
mate of solid amorphous salt at the bottom, but 
▼cry distinct and often large crystals^ lying at 
ptetty considerable distances from each othei;. 
Here the last portions of liquid must have, d&p 
jposited their salt, not in that level which we 
would expect, but anuind crystals to whose size 
and symmetry they contributed with the great- 
est regularity. The appearance is analogous to 
what we observe in every calcareous stalactite. 
There it is 022^ drop charged with carbonate of 
lime, which hangs at the end of the pillar, and 
yet that pillar often exhibits large folia o£ cal- 
careous spar, an inch in diameter 'If'. These 
most: have arisen from a gradual application of 
the successive particles of stone. When the^ 
same spar is formed in caves of basalt, at a dis- 
tance 



.tfr ' 



•X.wJ .... . . ./ 



^ Dr Clarke has described this fact, in the GifdCfe 
AntipEffos, (Travels, voh Hi. 40^.) It is 'sien in every' 
lactidcaleave;' 'Dr CUurkd (412.) has flmwn.die vofy^nasoi 
a continuous deposit, but not of a mechanical tranait -^ 
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itnce &om calcareous matier, the carbonate of 
Ume of jthe basalt must have separated £tom 
the xnasSy and have produced the stalactite''^. 
But the water necessary for each column is on- 
ly a few drops, to percolate through the basalt, 
eslract its lime^ and arrange it slowly in a nevr 
form. . ' ■ ' 

It is thus that for the most perfect and ex^ 
fended crystaHlzations, no large quantity of wa- 
t9x IS: require. And, in many cases^ the time 
necessary for them does not appear to be very 
pr^at* M. Mkthuon appears to have been the 
ficst who es^mined accurately the formation of 
sryst^ls in this mode. In a block of decompose 
tng ' shistus, he watched the crystals of alum 
gradually enlarging ; in other rocks, the pnv 
^ress of q\iartz, garnet, idocrase, and other mi- 
i^^rals.; and^ after several years, he discovered 
tl|e conditions requisite for their formation f* 

In 

* Dr Berger (Geol. ^^^u^s. iii. 194.) mentions four caves 
in .Bathlin^ where this appearance is seen. 

^ + See Journal of Science, No. 1. p. 1^8. M. Methnon 
ii'ghren adieoiyof these appearances^ on wfaich^ in thcf 

r • 

' pres^Qit 
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{a November 1816» I saw, in the botanic gUy 
j^en of Mr ^£mpl£ton» at Makme^ near Bel* 
fiut, masses of amygdaloidal' basalt^ where* depo* 
tits of mesQtype, had been formed in the cavi* 
tie$ in the course of twelve months. He had 
first noticed their formation about two yp9X9 
previously ; and having communicated |t to 
fo^ne friends, the cavities in some masses were 
carefully scrappd, so as to detach their eeolites, 
iind the pieces being exposed in a mcjst situii- 
lion, new formations of crystals ensued. 

The inferences from all these fiicts become 
jsf great interest in our attempts to interpret the 
operations of nature in the formation of evyvkah* 
¥et these inferences might have been long 
drawn from the formation of an aluminoat salt^ 
which is constantly seen going on in alum-slate,^ 
and even in the specimens of that stone pre- 
served in cabinets of minerals. The thick slaty 

masses 



present state of our knovledge^ it would be improper to 
fomrk. In the eourse of two years, by exposure of « n^ass 
ftf siUco-calcareous earth in a moist situfttoipij*. 1^ ftsqai^^ 
^QjtaU of quartz three quarters of an inch in length. 
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masses gradually, on weathering, s^p^rata and 
Sov^ iato thin layers ; between these, crops of 
fii\e silky crystals soon begin to appear,. ^4> 
gr^du^ly increasing, piish the layers to a gre^ 
er dii^taincf a^ they expand in size. This aj^ 
pearancQ j^ seen on the large scale, and in great 
per&ctionf at.the Hurlet mine near Glasgow^-r 
Should wft. vf^^ then, be allowed, fron^ all the 
appearfMic^gs, to conclude, that crystaUizatiov 
m^y ar^ fironi the 4^posit of matter in t% 
gaseouEi, th^ aqueous, or the solid state ; that» if 
the expression iQay be allowed^ ^ dry cvystaUU ^ 
;spatiQA je:4sts, or a formatioji of crystals, to which 
po more water is necesi^ry tb^n is requisite ,tp 
cqnvey to tl^ir point of unioa the particles of 
mioeral substance, and which, in many cases, 
exposure in moist- situations, or the water pre- 
sent in. the atmosphere, is sufficient to supply *. 

AU 



* Perbipg ire h^ie approach also to th^ ei(planai^>n of 

.(MEie of tb^ 11^ anop:94ous fiiiCts io Fhy^ics,^ — the diff^r^Q^ 

lyp^ent ki. tbi| actioa pf H^ip large and in small xoxm^ 

^)4Mraa whM^-vill not uiek silver^ ^blm^ oUex; oommoii 

■;■•■■.• ^t 
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=AU eur late discoveries on this subject, tend t#, 
%he idea that crystallization is a proccM entirely 
Mtnechanical. The dissection of crystals, their 

ft 

modes of aggregation, their cleavages, and the 
strength of their structure, are evidences of the 
action of cohesive power. If in solid cooling 
^natter, like glass or steel, the crystalline ar- 
rangement is produced ; in other cases, the for- 
mation of regular forms may be assisted by 
such small quantities of water as can convey 
the molecules of solid matter to their destina-^ 

V .. .. • . , .... 

tion, as part of an unifonq crystal. 

In mineral vein^, and in substances which 
crystallize upon or within the substance of 
others, the difficulties of explanation have hi- 

therto 



salt is decomposed in kilns^ and its soda sublimed to glaze 
the pottery ; these^ and other appearances^ shew us an in^ 
equality in the action of this agents which'we would not ex-;? 
pect to find. — ^The presence of watery vapour^ which givi 
volatility to most substances^ will not explain the phaen 
mena well. May they be referred to that moticm of sa^ 
stance above mentioned? Crystals may be formed more 
fusible than the rock in which they are imbedded^if a priL^iy 
eiple of this kind can be established fixnrn facts. 
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therto arisen from the employment of heat or 

water alone. In the example of the Portsoy ot 

Hebrew granite*, which is from a vein, the 

explanation of HuttoQ was always untenable, 

because' it supposed that the quartz, which is 

the most infusible constituent of the rock, cour 

tinned fluid after the felspar, which is more fu* 

sible ; and which, instead of impressing the 

quartz with its rhomboidal crystals^ should 

haVe become solid after it f. So when crystals 

of hornblende, shorl, titanium, &C4 shoot through 

rock-crystal; or when fluor-spar has given its 

c^ubic forms to pyramids of quartz which invest 

it^ the most infusible mineral, the quartz^ must 

have 



* This granite is a compound of felspar and quartz^ thb 
quartz b^ing compressed or modified in shajpe by the crys« 
tals of felsjMr^ It is foimct in several spoka, and is by n<i 
means so uncommon a mintexal as was olice supposed. 

t The other explanation is equally unsatisfactory ; fot 
4|uartz, being not very soluble, should have crystallized be* 
fore the fdspar. This is Kirwan's supposition, from the 
small aflSnity of quartz to water*— On the prit^ittrtMi/ l^tate of 
the Globe, Irish Trans, n. 242. 



terse its substance, or give it an impression. 
In these numerous cases, no objectioh can arise 
to the existence of successive stages of crystalli- 
zation from small quantities of water. The ac- 
tion of heat alone can never explain the appear- 
anceSy nor is it necessary. Had it melted the 
materials of a vein completely, it must have 
presented a very different class of phaenomena 
from what we observe. The regularity of de- 
posits, and the penetration of matter, could ne- 
ver have been exhibited. Had it fused the 
nodules of quartz in mica-slate, it must have 
melted the adjoining rock at the same time* 
Had heat acted on the calcareous spar which of- 
ten adheres to an oyster-shell, it must, to form 
complete crystals, have dissolved the organic re- 
main, and rendered the whole rock around crys- 
talline. Had water formed the same spar from 
a solution, that solution must have dissolved the. 
shell. By admitting a formation of crystals by 
small quantities of moisture, the spar will be 
formed, the shell not acted upon, and the rock 
in wh^ch it is imbedded, not altered in its me* 

chanital 
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ichanicai teiture *. On the Wernerian id^Ss olf 
solution in a liquid of the materials of a mine^^ 
ral vein, how could that vein contain, in its re^ 
cesses, the necessary quantity of solvent ? No 
appearance in the Derbyshire ihines is mott 
common than the following. A mass of quartz 
has been moulded on cubes of fluor-^spar, and 
after these last have fallen off or been displaced 
by a shift, new crystals of fluor-spar and gklena 
have succeeded to their scite. Here the action 
of a solvent, in situations where no room for it 
exists, is required by the Wernerian. On the; 
principles above given, the difBcultibs disap^ 
pear ; water exists in Huf&cient quantities, in aU 
rocks f , to continue the crystallizing process J 
. the presence of a certain quantity of heat iit 

mote 
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* Dr Kidd (Mineralogy^ i. 74.) mentions » shdl Imedi 
with crystaLs of fluor-spar, in the mineralogical cabinet of 
Oxford. * 

t Of this there are many proo& — ^Murcay^s Companttnn^ 
VieWt p* 100. — ^When gtabite is bored tihtoagh ia aink« 
in|:weUa,tfie rodL at some deptib klbniid soiUir ditti «ttt6 
vunaoe. . 
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more early stages may hasten, but would not 
impede the arrangement ; and to its agency we 
may ascribe the fusion of the metallic parts> as 
when silver or gold penetrate quartz in minute 
ramifications *. All these ideas correspond to 

the 
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* Dr MacCulloch has described the confervas and other 
planta enclosed in chalcedcmies^ in CeoL Trans. lu. 5S2. and 
has inferred^ from the appearances, an aqueous and a sud« 
Sen nlicification. He observes, (vol. iv. 224.) that no action 
cxf heater water alone, can explain the i^jtearaiicetlof agateai 
Stalactitical forms, he thinks, can only arise from water; 
bat the cavities could not be previously existing in a rock 
like trap, deposited from an aqueous solutions— In other 
places, he speaks of the sohdion of silex in water ad a pro- 
cess still going bn, (p. 9.66*), and describes the ^radiial fill- 
ing up of fissiures in the Glen Tilt limestone with calcareous! 
fpar, from an efflorescence to a solid carbonate, as. also 
in action at present, from his finding in the cavities water 
charged with carbonate of lime, (p. S^G*) He also mentions 
in d^eral places a solution of the earths in water, as being 
unquestionably more perfect in Nature than in our' labora- 
tories. * 

Of this last remark> I can find no experimental proof in 
IIm whole range of Chemistry. Of what use are our ii^teiu 

pretatioBs 
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the principles above given, and do not contra- 
4ict any pfirt of pur chemical knowledge of the 

relations 



Tt^ 



pyetatioiis of Nature by experiiaent^ if finding that water 
lias no action in dissolving gold or silver^ and but a minute 
one in acting on silex and clay^ we admits solely to explain 
^pjpearancesy that water dissolves these bodies in the large 
pcale? In the Iceland Geyser^ the water^ which contains 
^oda, and is hot, has dissolved a little silex^ but lets pmt of 
it &U wh^i it cpoUt. It may also be noticed^ that no cme 
has yejt shewn^ &€sa the ^ructure ^E fninerals^ decisive SaU 
MaAoDB of the acticHi of water or heat alone. Stalactiticali 
.coluinnar« and radiated sha]9es^ as Ibr as our present know- 
ledge extendiu.canbeand are formed by die agency c^bdih, 
md of cporae are peculiar to neither/ as Werner has assert- 
j^A they are to water^ by an assertion which may be said to 
,be almost anomalous in the history ci philosophical induo* 
iion^-— (See Jameson's Geognosy^ p. 38.) 

On the principles given in the text, many difficul|ies> 
.which have long embarrassed this subject, disappear. Is 
the solution of silex ascribed to its finer state of cUvisioii 
in Nature? Wh^t proof of this can be brofught, or what 
proof is oecessafy, since experiments shew us a divisilnlily 
liner than the senses can follow? By rejecting hypotheses 

# 

n tru? theory of Agntes is perhaps approached. 
B After 
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relations of minerals to heat. Thej afe confirm* 
ed, too, by two facts which all analysts menr 
tion ; — that the most regular and clear crystal is 
neverfree from some foreign ingredient ; and that 
a very large share of crystalline mmerals contain 
matter mechanically blended through their si^b-* 

stance 
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After repeatedly examining most of the agate cUfis in SooC« 
land^ from Stonehaven to Kinnoul, the in fer ence e I have 
drawn are, (1.) That nothing in the wUenud drudureatitke 
agates bears marks <^ heat, coloor excepted, from wliidl 
the strongest conclusi(m of origin is afforded. (2.) That diis 
fitct can be associated with the nature of the tvq> rodL which 
incloses them. (5.) That the impressions on the extericnr 
aurfiuse, which is so universal a mark, added to the oonoen- 
trie z<mes being always impressed frcmi without inwards, 
and never the contrary, attest that they had existed in a 
soft state previoiul^ to their being imbedded, and are deci- 
sive against the idea of infiltration, since the out» ooats bad 
first become solid. 

I ought to add, that in several cases, in these rocks, I 
iiave found marks of the inclosures having been ftnned 
from tlie substance of the trap, as already described;, and 
that in these, the surface of the nodule is difiereot frooi 
that of the Agate-Ball. 
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stande to % considerable extent. How much as- 
distance these ideas give to the explanation of 
petrified organic remains, is too obvious to be 
insisted on. The flint, chalcedony, or limestone, 
have filled the cavities of an echinus or a cardi- 
Vim J they have completely displaced the orga- 

* 

nic substance ; and yet how delicately is every 

pore or line of the shell preserved I So niucl^ 

. .1 

so, that no action of heat or solvent powers of 
water can be reconciled to one specimen. On a 
formation of earthy matter in the mode men^ 
tioned, the whole is well associated with all 
that we observie. 

Thus the nature of crystallization, whether 
aqueous, igneous, or aeriform, seems to depend 
upon a principle of the same kind in all. The 
arrangement of molecules may go on either 
from matter condensing from the gaseous state, 
or from its being allowed sufficient motions by 
fusion, or from its slower transference by the 
action of water. We should not expect, on 
this explanation, to find any differences in the 
structure of crystals which could allow us to in- 
fer to which mode of formation they owed* 

n 9 their 
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their origin , and accordingly none ^ave l>eea 
Ibupd *. 



With regard to Granite, to which I now 
retvim, one proof of its origin from fusion, has 
been already given. We infer this from that 
separation of colours which constantly appears 
in it. Another proof, not so decisive, follows 
firom its being unstratified, and of a peculiar 
structure, afterwards detailed under Basalt. 
The phaenomena of granite veins afford a better 
evidence of the action of 1^ea]t. These arise 
from its substance, and pierce the strata above 
them ; while the latter never send down veins 
into the granite f . Every thing here is against 

the 



* Does not the sandstone of Fomtainebleau oonfinn the 
idea of a deposit from a small quantity of water? For 
there^ the quartz> in grains^ has displaced the limestone 
more or less perfectly^ and assumed its fonn. 

t See Mr Playfiur's lUustraticms, § 82. and $ ^^l^—SST. 
■iiv^ James Hall's description of tjbe Veins in Uie valley of 

Palnure 
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the ideas of i^ecifettbn or cotemporariebus fot- 
ination. For the strata are disriipted, and: ' diis- 
placed in many bases *, pieces detached from 
their substa:nce are frequently ihcldsfed within 
the grsihitei of the Yeiii, a^ if floating'** j in btfier 
cases matks* of arf indistinct Tileriding of the 
gntnlte and the stratified rodk are' observed f. 



Palnure in Galloway^ of which a model wa^ presented bj 
him i6 die Geological Society 6f London^ (£din. Trans, 
ini. ^.y^ioke^n. In Min. Scityttkli Idlek^ ifi. 175. describes 
tlMiiiiiis At Garvinioi^/((m t^ Bi^ji^'^AJat^^i^h'W^ 
toxnBC and Mf Pkyfair> on Gldn Tilt> Edin. Trans, vir* SOft 
and Dr MacCulloch's recent examination of the sdnteTapo^ 
GeoL Trai^ in. — Granite veins in Killasy ^t Table Moun- 
tain, Cape> are described by Captain Hall^ in £din. Trans. 
Tii. 273.«— -—Saussiire sterns to hav6 been the first who exa- 
mined granite veins in the Valoisine ; Hutton the first who 
drew inferences* Dr Berger's Wemerian hypoth^esis is in 
GeoL Trans, i. 147. The namber of these descriptions ha$ 
inuch increased of late years. 

• See the drawing of the veins at the Cape, Edin. Tn 
V6L'Vii.* ivpra. ' 

... ..:•;,"£•> 

t Ih GeoL Trans, ui. S49. Mv HoAer has deseribeel a 
junction in Si^<^ of grsnite ai)d slate, where thievt-is an: isi^ 

distinct 
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These are evidently effects of an injectios 
bf liquid substance from beb w» The only cir- 
cumstance in the explanation of granite veins 
which has appeared to me defective in Mr Play- 
fiur*s reasoning) is the assumpti<xi^ that the rents 
have in all cases been produced by the liquid 
matter. For in several cases, like trap veins, 
they traverse the strata with but slight distur- 
bances ; and it may hence be inferred^ that 
some of the fissures had been formed by another 
Cause. On the theory of a wet paste of gneiss 
or mica-slate resting on a heated nucleus of 
granite, fissures would arise in the stratified 
mass, from its rapid contraction, and these rents 
would be widest below *• In other situations, 

the 



disdnct blending, and an appearance of the fii^iintots of 
date united by a granitic cement. 

* At Coul in Ross-'shire^ the strata of gnebi oontain 
many granite yeins, ** near which, at the ovtaide cm y atiuw a 
of some of them, I peroeiTed rents ahniha' to what we n^ght 
expect on bending a flattened mass of day, nearly defrivMl 
ef mot8ture.''i— Mr Allan, in Edin. Ttmm. vn. 11I9L 
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the appearance dre certainly in favour of a for- 
mation of the veins by irryptive force. Let vw 
add. to these proofs that confirmation which 
arises from the close analogy between granit^ 
veins, whin dykes, and those dykes of lava 
which occur in the vicinity of several volcaj- 
noes* 

The vai-ying consolidation of the strata ig 
another proof of the action of heat, for heat^ 
acting on extended masses of stratified rock/s^ 
which it does not melt, must be a power of va^ 
riable, intensity *. Instances of variable consor 
lidation occur in almost every rock. . . .^ / 
' Tl]ke al^eiirnation of consolidated and uncon- 
solidated strata still remains to be accounted 
for. In the explanation which I am about to 
offer, I only wish to be understood as stating a 

circumstance 



* Here another difference arises between the Huttonian 
hjrpothesis and that here advanced. Their granite should 
jBdt miadbt'of the< strltta> because it acts #hen fonning', on 
jrockt deposited; fiir ages above it: on the othdr ptincij^ 
•tiie xDcka, as thiey form in strata^ tend to cool the mtm, immI 
prevent ^letr own fiuuoii« ^ ' V 
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circumstance which will explain this mppaoi^ 
ance ; but of which, though it is not contndio* 
toiy to any known fact, we have at pfewnt so 
other proof but that if assumed it wiU afibfd a 
solution. The phaenomena occur firequeiitl^: 
rocks of sandstone, have layers of loose Mod in* 
terposed ; beds of soft clay appear under beds 
of limestone. Though these appearances are 
rarer in primary than in secondary country, yet 
they are sufficiently obvious in many {daces^ to 
have been stated for a century as a remarkaUe 
circumstance in the constitution of the atrat»« 
When unconsolidated and unworn gramtic 
sand, of sharp and angular fragments of fidspar, 
quartz, and mica, is seen in a quarry of hard 
granite, the appearance cannot fail to call forth 
the most earnest inquiries *. The explanation 
which may be proposed is at least not inconsist- 
ent 



■*-s 



* As at Carngall^ six miles west from Feltiaibad, a vcm 
of cxmsoHdated gnimte> bent neariy like an S, traveises a 
mass dfunconsc^dated materials of granite^ atraxkm eoiv* 
sistency. The granite is white, and aouA gndnoL 
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tilt with the nature of the agent which i^ sUj^ 
posed to haTe acted. If steam of great elastici-^ 
tj he sup|iosed to he retained by compression 
within the substance of claj or sand^ or frag^^^ 
ments of rocks of any kind^ that elasticity would 
be a snffics^t cause for the prevention of the 
consolidation in those spots where it was present! 
For no agent can be assigned, which, when 
highly heated, could convey a greater repulsive 
power to the particles of rocks. Had cirtum-* 
stances alio wedj^ I should have thought no sub^ 
ject more worthy of an extended series of expe- 
riments than this. Such trials, when mad^ 
t^ill probabfy confirm the above suggestion. 



The waving undulations and bendings of 
the strata form a frequent appearance in many 
rocks. Mantle-shaped strata must be waved, 
from their position ^ but a greater waving, of- 
ten of the most gigantic, often of the most mi-^ 
nute kind, is seen in gneiss, mica-slate, and- 
clay-slate. These are interesting, from the 
mechanical forces of which they imply the 9x> 

tioi). 
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tiOn. The undulated stractore of ndca-date h 
untversal ; it forms one of the chaiacters of the 
iiock. The flattening of its nmneioQa indo- 
man of quartz, in directions parallel to its beds^ 
aflbrds a strong proof of the actioo of a cotn- 
fnmng force. Rocks entirely crystalline^ and 
deposited from solution, should, from the rapid 
nature of their crystallization, resist a compres- 
sing force, as they consolidate. But strata me- 
chanically arranging, and at first in the state 
of a soft paste^ must be subject to the compres- 
sion produced by incumbent and lateral masses. 
That this may take place, the experiments of 
Sir James Hall * have shewn satis&ctorily. No 

other 



* On the Convolutions of Strata, Cdin. Trans, tii. 79. 
A horizontal pressure, acting frotn above, produces a snooiple 
curvature; acting in tonjtmction with side pressure^ or 
tfamsty gives rise to convoluted folds. Sir Jamed HaU used 
an instrument for illustrating these principles on beds of 
8«ft clay. A pressure acting from below, may also be call- 
ed in. 

Mr Pla3r&ir, § 204. has observed, that in the gi€y*wacke 
ef the Berwickshire coasts the curvatures are Aaple, the 

bendiogf 
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other cause can be found, which affords an es:^ 
planation that agrees better with all the appear^ 
ances in nature. It ma;^ be added, as an addi« 
tional affirmation, that mica-slate and clay-* 
slate^. the rocks which, from their nature, are 
most susceptible of compression, are the most 
undulated among the primary strata. Tho 
structure of their layers renders it probable that 
a very slight pressure produced their waving 
aspect ; or such a pressure as would arise from 
the depofsit of successive layers of the rock it^ 
self^ 



The last ptoofs of the igneous origiil of 
granite, aris^ from the density of the globe, and 
the chemical nature of its exterior strata. 

We cannot penetrate far below the surface 
of our World ; and the deepest mines and exca^ 

vations 



bcndings being all in one direction, or round axes that seend 
to be horizontal and^parallel to each other. 

Dr Macknight (Werp. Trails, i. 291.) ^acnbe$ fJo^eynmng 

. ' . • ,.».'.■,.'. -^ 

4if laioarslate to a cause acting at its formation. 
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tatioDB are insignificant, when compared 'With 
radius of nearly four thousand miles. The ihm 
est in viscera terra of Ovid will probably long 
remain the dream of a poet; Even the highest 
mountains^ as has been often noticed, bear only 
the same proportion to the Earth, as particles of 
dust do to an artificial globe; Nature has snb^ 
jected td our view what is really liseful, either 
to our comforts^ ot to the investigation of the 
truths which are derived from the study of het 
works; While we are deprived^ therefore^ here 
of actual observation, the specific gravity of the 
globe has been aseertained by means derived 
from astronomical science. This result^ resting 
on the principle suggested by Newtok^ of the 
deflection of the plummet from the perpendi-^ 
cular, in consequence of the attraction of a 
mountain mass, has given to the earth a mean 
density of nearly twice that of the granitic and 
other rocks which compose its surface, or about 
five times the specific gravity of water *. Hence, 

allowing 

* See Dr Maskelyne^ in Philos. iVans. vol. 65. ; and 
iPlayfiur ok Sbi&tBiim, PL Tr. 1811^ 347* The meaxt den- 
sity 
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fallowing for the waters of the ocean, ^hich gq<: 

yer thf ee-fourths of its surface, and the lighter- 

» 

3trata, which alone are subjected to our obser-* 
vation, it fi^llows, that the parts of the earth be*, 
peath these^ must be heavier, in order to com- 
pensate ^r the less d[ense znaterials above them. 
A structure ^ % great es^tent cavernous, is thus[ 
excluded. Respectiing the interior, we may,^^ 
however, infer something more than its densi* 
ty. Of all tl^ rocks yet observed, granite. Or 
unstradfied rocks, like it, occupy the lowest or 
innermost situation; but t^ese compact rockfl[ 
must encircle others far more dense than them* 
sielves. Tet, • as we have no knowledge of non« 
iTietallic substances possessed of a specific gravi- 
ty of more than four or five times that cf water,^ 
it is a legitimate inference that denser matter, 
and of course the interior of the earth, is of ^ 

metallior 



sity he infers from a survey of the rocks^ is 4.7129 Dr 

Huttoci of Woolwich gave 4.48 as the mean density. The 
Hon. Mr Cavendish^ from experiments on a different rsiBxt 
tliody g«ve {»i48«.,.Dr Thomson, in hif excellent Histoiy <if 
tii^Soyal Society, p.d54. thinks it probable that it is about 5, 
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netallic nature. This inference is confirmed 
by the discovery of the metals of the alkalies 
and earths by Sir H. Davt, and the extenacm 
thus given to the agencies of oxygen. The 
batteries of Volt a, in 1808, and the operations 
on a Perthshire mountain, thirty-five years bc- 
fbre, have united in forming this interesting re- 
sult. No sooner ^ere calcium and aluminum 
in the hands of their illustrious discoverer, than 
these ideas of the nature of the world aro^. 
Wherever we look, we behold around us, in the 
great • masses of the globe, compounds of ozy- 
gen, with metallic bases. These compounds 
must have originated by combustion; for the 
new metals inflame on admitting water to their 
substance. An explanation of Volcanoes was 
immediately inferred, from the admission of 
water to a part of the metallic interior. In 
their fires we may read much with regard to 
the origin and progress of the world. 

How well these conclusions agree with those 
views of the nature of rocks, which have been 
given above^ is sufficiently obvious. It would 
lead us, however^ into an approach to the de- 
fective 
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fective reasoning already mentioned, did we at^ 

• * ■ 

tempt to explain how it has happened that so 
large a portion of the crystalline rocks should 
consist of three or four ingredients, quartz, fel- 
spar,, mica, hornblende, aggregated in grains^ 
and without any visible cement. It may be 
sufficient to state it as an ultimate &ct ; and to 
suppose, that as these minerals, than which we 
see none in higher or in lower situations around 
the globe, constitute a large share of its surface, 
jthey may also form a no less remarkable part 
pf the internal mass which is next to them in 
position* That they have been originally form- 
ed by the combination of oxygen with metallic 
bases, is also a probable inference ; and, when 
originating in this way, heat must have been 
evolved. Since most of the primary rocks, and 
granite itself, offer only fragments of crystals ; — 
since there are examples of recomposed granite 

in every gneiss rock ; — ^and since the occur- 

* 

renqe of granites, having much of their mass 
perfectly crystallized, is not very common ; it 
might not be improper also to infer, that even 
€hi6 materials of granite had existed in another 

state. 
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{ftatCy be&re they received their present wh 
rangemeiit The first st^te of its formatioi) 
may not have been in fragments of crystals, 
This inference, however, it is not necessary to 
draw : it is sufficient to shew, that in its last of 
present arrangement, granite pir^nts the ef? 
fects of heat "f^^ 

We 



^ The subject of the Figure of the Earth, u becoming 
more and more connected with €reological Scienoe. It 19 
probable, that the varjring density of the rodut^ and Ae iB> 
fqoalitieB of ^ aurftoe, from the preaenoe of T«*?n«rtf[fT, 
by ph)ducing ifrq^ularities in the direction of the ylmff»ft 
in particular q>ots> give riae to thoee difierenoea of leanlta 
which have been now observed in the mensuratioo of arches 
of the meridian, made with the most perfect ma^rmoents 
and conducted with the greatest skill. 

Mr Playfiur (Nat Hiiloa. n. 505.) denies the flnidity of 
ihe Earth ^ a cause of its fl|iheroidalfonii,fi!om ^uFliavii^ 
ao evidence of the action of water, excepting in tnuaqport- 
ing and depositing the fragments and detritus of solid bo- 
dies ; a partial and local action, and therefore insufficient 
to account for the spheroidal shape. 

But may not duit degree of fluidity wfaidi aneB from 

tite fusion of slarge part of die aiqpcKficial aCnterfaipl^ 

be 
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We have now arrived at the conclusion* 
that all the stratified rocks were not formed 

from 



be a sufficient cause for the form of a spheroid of equilibrtunl^ 
witibout resortii^ to the hypothesis which he has given ? — 
This supposition is> that in a terraqueous body^ of any shape^ 
if the prominences be worn down^ and the debris be carried 
to the lower parts occupied by water^ where they acquire a 
horizontal stratification, ahd aro afterwards consolidated iit- 
to t/tot^, sudi 'a body^ in the course of ages^ must acquire a 
floiftoe everjr where at right angles to the direction .of gra- , 
■Tity, toad consequently more or less approximating to a splie- 

-roid of equilibrium. 

The whme subject deserves to be examined more accu* 
Tately> with r^^ard to the extent of depth and direction of 
dtrata. The observations which Mr Playfair has adduced^ 
to shew that a lai^ depth of the sur&ce of the globe is in 

Hsome spots exposed to our observation^ are not sufficiently 
authenticated, and i have met with none others. Exanipks 
of y&ry esitmded and continuous strata^.of uniform dip> 

. would assist much in the solution of this problem. 

La J^lace^ in a late memoir, has inferred, firom the besi^t 

^experiments yet made, on the leiigth of the seconds' pendu- 

Ixun, in different latitudes, that the increase of gravitation 

from 
I 
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firom the waste of a former world like the pre^^ 
•ent, but arose from rocks like our present un- 
stratified granites. When formed by a rapid 
degradation, the heat remaining in the central 
mass would consolidate them, as they fell down 
in strata from a mechanical suspension in wa- 
ter. Water exists in aU the strata ; but it can 
neither dissolve nor consolidate them* — ^A great 
simplicity is thus introduced into our ideas of 
the structure of the world. Granite still re- 
mains the oldest rock which is exposed to oUr 
observation. No strata can be termed, with 
propriety, chemical, granite and unstratified 
rocks excepted, in which no mechanical ves- 
tiges are seen. As the primary strata all had 
their origm from granite, so the train of secon- 
dary 



from the equator to the poles^ follows the law whkih theory 
pcnnts out as the most simple; and hence he conoeiTe^ that 
the density of the layers of which the mass of the earth con- 
sists^ must augment regularly from the sur&ce to the centref 
From this condition^ he infers the original fluidity of the 
whole mass of the planet; a state whidi^ accordiog to hin^ 
nothing but heat could produce on it. 
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dary: deposits would arisen: in the same matineif, 
either from a degradation t)f the granite carried 
to a greater extent, or from the disintegration 
of the primarystrata, as they formed. — ^No Uni- 
versal formations, in the exact sense affixed to 
that term by Werner, would exist* ; but as all 
the low land has arisen from the descent of ma* 
terials from mountain chains of granite, this 
would supply such an uniformity of character 
as we find in the present strata, without pre- 
tenting deposits perfectly uninterrupted. While 

the 



^mm^tbmmaim 



* Wjera^ acc0imts> by extensive degradations, fi»r tht 
dbsence of many of the prijpaary strata cm particiilar ^pots. 

In a country like S weden> which, according to Dr Thom« 
son,. is Composed chiefly of gneiss^ occasionally containing 
beds of granite^ (Travels in Sweden, 53.) the formadpn of 
such extensive strata of stratified granite and of gneiss^ (mly 
differing fr^m it in a slaty texture^ may be supposed to have 
taken place by a rapid and extensive disintegration ef gra« 
nite mountains. Thick slaty beds> approaching granite^ 
would indicate a more rapid deposit of their materials^ than 
strata of gneiss^ in which the same materials occur m, tfa« 

- in. Mount Rosa^ granite and gneiss altt^mid^^.ijii btada 
pearly horis^ontal^ (Saussure^ § 2138.) 
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the materials nearest to the granite formed man* 
tie- shaped beds around it, the rest^ hrthex re- 
moved, and falling more slowly, wbuld exhibit 
a considerable regularity in their direction, in 
consequence of the arrangement impressed up- 
on them by the rotation of the globe. This di- 
rection would become the more regular, the 
more secondary the deposit, till extended tracts 
of land gradually arose *. The action of the 

retiring 



* It would be remarkable if traces of a theory so simple 
as here given^ were not found in former geological writers. 
My reading has not, howeyer, supplied lAe With many. 
Ferber and PallaSj observihg appearances of granitic massed 
and shistus passing iiito each other in the Russian moun* 
tains^ supposed that gneiss^ mica^slate^ and day-slate, were 
formed from the detritus of granite, (Jameson^ Min« of 
Scottish Isles^ 1. 156.) I am not acquainted With the nature 
of the proofs which they employed. — The next geologist 
who has made approaches to these ideas of the origin of 
the stratified rocks, is Dr MacCulloch, in the papers on 
quartz rock^ &c» which he has given to the Geological So- 
ciety. From his carefrd examination of it, (vol. ii. 464. 
...and vol. iv. p. 266,) he has inferred its nature as being 
partly chemical^ partly mechanical^ and he has insisted that 

appearances 
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retiring Mjraters would form the valleys, apd mo- 
del the whole of the surface ; and large trans- 
portations 



ap]$eanmces indicate a cona^quent mechanical nature in 
mica-slate. It is to be lamented^ that so able an observer 
as Dr MacCulloch, has not generalized mat^. — In Thom- 
son's Anmds^Yol. vii. p. 387- Mr Weaver^ M. R. I. A. is said 
to have read in March 1816 a paper to the Geological So- 
ciet jx in which^ from the writings of Saussure and Von 
Buch> he infers unequiyoeal proofs of a mechanical struc- 
ture in all the primary rocks^ which he wishes to refer to 
the Transition class. He is also of opinion^ that all the over- 
Ijring f<»rmations of granite^ porph jry, syenite^ and trap^ 
belcnig to ^ newest floetz-trap of Werner. This paper I 
have not seen^ nor any other account of but the above 
notice. 

Perhaps I may be allowed to mention^ that my own ob- 
servations commenced in 1811, though tbree years before^ 
when I had the first opportunity of s^ing mic^ and day 
slates on the large scale^ at Ben Lomond and Luss^ I had 
been much struck with their general aspect^ so different 
from what the Wemerian Geognosy had taught me to ex- 
pect in chemical deposits. Observations made in several 
tours through a great part of Scotland^ led me^ in 1813^ to 
the formation of most of the views contained in these pages ; 
and having never adopted the Huttonian or Wemerian theo- 
ries 
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portations of materials, by the ^ same cause, 
would give rise to appearances which are seen 
abundantly in all countries at the present day. 

I 



ries> I had always mentioned^ in the annual coursed of lec- 
tures wbidk i have given on Mineralogy and Geology since 
1811, marks of a mechanical structure in all the primary 
rocks^-^More extended journeys were made aiinitally till the 
end of 18l6y when other avocaticms prevented, till lately, all 
attention to this subject The reader, if he has cairied his 
books to the mountains, and observed for himself miAst haVe 
felt scMne diffidence in stating opinions opposed to liiose df 
names great and ven^^ted. When I found that no tbeoiry 
pould explain the nature of the relation which gneiss beacs 
to granite, or the worn nodules in. mica-slate, it was surely 
necessary to inquire and observe. I shall never despair of 
a true theory of the world; and I wish all. that I have stated 
in this let^ only to be considered as acontribution towards 
that end* 



/ 
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I now proceed to collect the proofs of ori- 
gin afforded by the important series qf. rocks 
denominated^ in general terms, Basai^t and 
Trap. In the system of Werner, they receive 
the name of the Newest FIoetz-Trap Forma^ 
$ion *. The name of trap has been given to 
them from the appearance of steps observed in 
most countries where they ocqur; the word 
in Swedish signifying a stair, They have also 
received the name of whin ; — ^ word peculiar 
to the south of Scotland, but now generally in* 
troduced into Mineralogy from the use made 
of it in the writings of Dr Hiitton, and ot}ier 
authors. 

To Werner, as usual, we Qwe the n^ost ac* 
curate distinctions of the rocks of this class. 

The 



* Fketz-trapp Gebirge^ Weiner. See Jameaon^ 6f»« 



\ 



186 

r 

The chief of them are Basalt^ properly so callr 
ed } fVacka ; greenstone^ an aggregate of felspar 
and hornblende ; clinkstone, and trap- tufa * : 
Pitchstone, amygdaloid, compact felspar, clay- 
stone, iron ochre, and other rocks accompany- 
ing these. 

The passages of all these rocks into each 
other^ have been well traced by many obser- 
vers. 

So important and numerous are the reUi- 
tions of granite and trap, that they alone, when 



* We ought to add to this list many portions of Sjenite 
and Granite^ which^ from their positions^ have been deno- 
minated new, and which are intimately associated with these 
traps. To do this^ however^ in the present stage of the in- 
quiry^ is not necessary, and might produce too great a com- 
plication. 

Some difficulty also arises, fVom a complete want of terms 
to distingwsh unstratified from stratified traps. In the pn- 
mary rocks, a stratified grani^ is expressed by gneUs; but 
here nomenclature is silent. Excepting where it is other- 
wise mentioned, it will be understood, that, under the po- 
pular terms of Basalt and Trap^ I eaq^ress die . whofe series 
oi unstratified rocks of this class. 
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well understood, will supply us with the true 
key of the formation of the world. Both con- 
stitute two great formations^ and exhibit two 
different aeras. Both are intimately related. 
In Great Britain and Ireland, we are supplied 
with the best opportunities of examining both ; 
and the proofs which have been given of the 
origin of the one, will assist us in explaining 
that of the other. I shall state all that has oo- 
curred to me, either from the observations of 
others, or my own. 



1. As far as colour is concerned, all the 
remarks and experiments formerly mentioned, 
-will apply to basaltic rocks. Many greenstones, 
like that of Fairhead in Antrim, are on a larger 
scale of grain than many granites, and have of- 
ten as well defined separation of colours in the 
crystalline fragments of which they are com- 
posed *. 

2. In 



' 



* In some of these rocks^ the colours of the felspamo^ 

fMit sQr well defined as in granite ; and had my objiiervatioQs 

* been 
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9. In their nature of substance we &id is 
the trap rocks the same general constituents at 
in the primary granite. Felspar is the predo- 
minating ingredient in them all, if we can de« 
pend upon the transitions which connect than 
so intimately. Greenstone, which is the piin^ 
cipal trap, consists of fragments of felspar and 
hornblende, often as crystalline as in any gra» 
nite. It connects, on the one hand, with Wft^ 
nites and syenitic greenstones, and granite ; ^d, 
pn the other, with the basalts of the finest and 
most impalpable grain *. These transitions are 

often 

. " ; ■ ■■ ■ ■ ■ ■' . I . ' III > ■ II I ■III ■ 1^ 

been more complete than they are, an obvious inferefloe 
might have been drawn from this circumstance. ' 

• ^' Certain varieties approach to wacke," Jamesoi^ 
Geognosy, 194. 

*' Grey stone passes into basalt/' ib. 190. 

'^ Clinkstone-porphyry passes, on the one hand, into 
compact felspar and claystone, and on the other into pitdk- 
stone and basalt," ib. 191. 

<^ Clay passes into wacke; the wocke into hmfi^i ^ 

basalt 
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often made witjh a rapidity which all who view 
a trap country have observed, and of which the 
primary strata afford few examples. 

Should these transitions, which are so well 
marked in nature, and have been so well de- 
scribed by the Wcrnerian Geognosy, be denied^ 
we find another proof in the nature of the che- 
mical analysis of the trap rocks which are of 
uniform grain and aspect. One exception only 
appears* Wackc and basalt, on analysis, ap- 
proach near to felspar and clay-slate, and con- 
tain all the ingredients of these rocks, with this 
difference, that the alkali in the traps is soda« 
while in the granite it is potash *. 

In 

basalt into greenstone ; and this latter into greystone andi 
porphyry-slate/' ib. 197- 

All authors allow an imperceptible passage from green-i 
stone to basalt. 

♦ Basalt of Staffa, Silex 48. Alumina 16. Lime 9. Iron I6. 
Soda 4. Water 5. ^Kennedy.) with 1. Muriatic add. 

Basalt of Hassenberg, Silex 44.5^ Alumina l6.75^Lime 9.5^ 
Magnesia 2.25^ Iron 20. Soda 2.6^ Water 2«.and a tmc^ 
of Manganese^ (Klaproth) 

liasabTii&of CflltOQ Hill, SQez 50. AkupuM 18^ Lime $. 

Iron 
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In this mode, when, from the fineness of 
grain and structure, the external characters of 
minerals cannot be employed, we approach to 
the nature of the rock by a knowledge of its 
chemical ingredients* 

We may infer, therefore, from this rela- 
tion, a common origin to all the unstr^ified 
rocks. 



S. The resemblance between granitic and 
basaltic rocks has been remarked by many wri- 
ters y and I shall mention, as briefly as possible, 

those 



Iron 16.75, Soda 4. Muriatic acid 1. (Ketuiedy), 

* 

Greenstone of Salisbury Crag, Silex 46. Alumina I9. 
Lime 8. Iron 17* Soda S,5, Water 4. Muriatic add I 
(Kennedif). 

Plinkstoneof Donnersberg, Silex 57-25, Alumina 23.5, 
Lime 2.75, Iron 3.25, Soda 1.10, Water S. Manga- 
nese .25, (Klaproth), 

Clinkstone of Auvergne, Silex 58. Alumina 24.5, Lime 3.5; 
Iron 4.5, Soda 6. Water 2. (Bergman). 

AUaaCt Tables. 
The pr^s^nce of 9odaeomiect8 these rocks with the ooeaiiv 
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those circumstances in which they agree and iri 
which they differ. 

Felspar is the chief ingredient in both, 
when both are crystalline in structure. 

Hornblende and iron increase in quantity 
in traps as the crystalline structure becomes 
smaller, and the rock approaches to a homoge- 
neous mineiral *• 

The absence or small quantity of quartz is 
the chief distinction between granites and 
trapsf . 

The soda of the latter rocks is another dif- 
ference between them and the former. 

The 



* It would b^ interesting to toaly^e the felspars of trap 
rocks^ and discover if their alkali be the same with that of 
granites. 

t The Crag of Ailsa has regular columns of a rock of 
much white felspar^ quartz and hornblende^ exactly be« 
tween a true granite and a greenstone^ — ^Dr MacCulloch> in 
Geol. Trans, ii. 422. 

A prismatic form appears in the granite of Arran^ De« 
Ton^ and Cornwall. 

The inference which may be drawn as to origin^ firora 
the small quantity of quartz in traps^ is obvious. 



*-> 
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The structure of granite and basalt, as hi 
as we can infer from the appearances on decom- 
position, is the same. Both occur^ when unstra* 
tifiedy in distinct concretions. These always 
include a harder central mass> and the distinte- 
gration proceeds in regular layers which are 
concentric. The globular concretions of gra- 
nite, and the decomposing spheres of basal- 
tic rocks, exhibit a perfect similarity to each 
other '^. Granite also sometimes presents co- 
lumnar aspects. 

The general aspect of these iinsttatified 

rocks 



* Professor Jameson's description of globular distinct 
concretions of granite^ applies perfectly to many baaslts: 
" These concretions are composed of cunred 1«mi>lUr con* 
cretions^ and always include a harder centsai mass. The 
spaces between these globular concretions are filled with 
granite possessing less solidity^ and which decays readily> 
and thus leaves the harder central masses heaped on eadi 
other, or strewed about" — Geognosy, p. 105. He mentions 
globular and concentric lamellar as among the formis of Ba- 
salt, p. 187. — See Dr MacCulloch on the Granite Tow in 
Cornwall, in Geol. Trans, ii. 67. 



1. 
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todks is the Same, Both form large mural pt<* 
eipicesty often of great elevation f . 

Both classes of rocks form dykes or veins 
in the strata above them. Those of granite pe- 
netrate the shistus and other rocks above it; 
those of basalt pierce through all the rocks above 

them^ 



T-^ 



t These precipices exhibit often a N.E. and Eastern as* 
pect; as at the Cave Hill^ near Belfast; Ben Nevis; and 
Glenooe. On Fairhead^ the resemblance of the rock to that 
of a primary granite^ in general eispect, is very considerable : 
the rents^ wearing^ &c. are so similar. The trap rock of 
the Cuchullin moimtains in Sky^ connects intimately with 
its syenitic rocks ; and Dr MacCulloch thinks them parts 
of one irregular mass^ (Geol. Trans, iii. 54t*) from the finest 
grained black basalt of Talisker^ sometimes colmnnar^ (57*) 
to the perfect form^ structure, and aspect of granite, (63.) 
«nd a rock perfectly granitic, (7S.) Mr Play&ir has traced 
similar «ppearances.-^In the county of Antrim, a pitchstone 
porphyry covers a considerable space in the midst of the 
trap country ; and the observations of Mr Griffiths of Dub- 
lin tend to connect it with the iron*clay of the Causeway. 
Berger has described it minutely, GeoL Trans, in. 190.— Dr 
Mumiy mentions whin or trap as a rock into which granite 
iasensibly graduates, (Comparative View of the Huttonian 

and 



them, and through granite itsel£ From the last 
circumstance w^ may infer, that djkes of whin 
are of later origin than those of granite *• 

Pitchstone is a mineral intimately connectr 
ed with basalt, which occurs in granite f . 

Granite 



and Nqytunian Theories of die Earthy p. 24S.) Theiemaiks 
of Dr MacCuUoch^ in Geci. Trans, in. 52. are foil of infor- 
mation on this subject 

Dr Beddoes^ Ph. Tr. 1791* has a paper on the identity of 
granite and basalt ; but the advance of science has rendered 
his observations of little value. 

It is to be understood^ that all the circumstances'' men- 
tioned in the text^ are not intended to prove the identity of 
granite and basalt^ but their relations only. There are many 
differences between them. 

* In Cruachan in Argyleshire, veins of porphyry traverse 
the granite and shistus of the mountain ; and basaltic veins^ 
passing into the same porphyry, accompany them. — (Df 
MacCulloch^ in Geol. Trans, iv. 121.) 

t Pitchstone veins traverse granite in Arran> and basalt 
in Eigg* Dr MacCulloch found pitchstone in the granite 
on the summit of Camgorm....(Jam. Mineralogy^ i. p. 279-) 

There is a vein of pitchstone traversing a granite (sy^te) 
at Newry in Ireland : it has been described by Dr Fittoiiy 
Geol. Tr. i. 278 ; it is about 2^ feet wide^ and is ae&i finr 
half a mile. 
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Granite sometimes affects the needle, as in 
the HartZy on Goatfield in Arran, on Cruachan 
in Argyleshire, &c. * Dr MacCulloch found 
trap affecting the needle on the summit of 
Mount Glamich, in Sky f . 



4. The connexion hetween basaltic rocks 
and lavas is not less obvious than with granite. 

Analysis exhibits a great correspondence 
in nature ; and both contain soda. A proof of 
this kind can only be, however, considered in 
relation to other proofs ; for very few of the nu- 
merous varieties of basalts and lava have yet 
been analysed. 

The fracture and aspect of many lavas is 
the same with that of many fine grained ba- 
salts. 

K Trap 



* Dr MacCulloch, GeoL Trans, n. 430. 

. t This has been long noticed in various spots. See 
Creel. Trans, in. 95. 
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Trap rocks occur constantlj in Tolcanic 
districts *• 

In the soils which both rocks affi>rd by de- 
composition, a great resemblance has been tra- 
ced f . 

Great cavities occur in lava, and in basal- 
tic tracts X* 

Most lavas are porphyritic or inclose other 
minerals ; and many traps are so. 

The minerals inclosed are nearly the same, 

in both classes of rocks || 

Very 



i«»«i ^1 



* 5Sn nnivm'gAllyj that Wwngf fnfiini!i>fi Mr mnga\a[m jb^KWy 

of Volcanoes upon their presence.— Jameson's Geognosy, 
p. 219. Porph3nritic clinkstone, greenstone, Spc Iboiind in 
Iceland.— Sir George Mackenzie's Travels, p. 371* 

t The soil of a trap country has been well described by 
Dr MacCulloch, Geol. Trans, iii. 10. 

X Van Troil mentions great cavities in Iceland^ in lava. 
-—Letters, p. ^34. Caves are abundant in trap coontries^ 
Ferber, Letters &om Italy, p. 132. gives a particular de- 
scription of a cavity m the lava of Vesuvius of 1770. 

' II The Causeway basalt incloses quartz, calcareous-spar, 
arragonite, chalcedony, semi^opal, olivin, green earthy stea- 
tite^ 
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Very obvibus marks of heat occur in lavas 
and in basalts^ from changes of c61our in the 

oxide 






tite^ analcime^ chabosie^ me8ot3rpe^ and stillbite. The iron* 
day of this coast contains the same minerals. Of these suh* 
stances^ quartz and calcareous-spar are common to all classes 
of rocks ; but all the rest are volcanic. Chalcedony is pecu- 
liarly one ; as in Teneriffe. — (See the Hon. Mr Bennef s de« 
<sdiption of that volcano^ in GeoL Titms. n» 269^); aind^so 
in Iceland. 

Zeolite occors in lava in Tenerifie. 

The promcmtoty of Fairhead is a greenstone containing 
uugik, accdrdinc|^ to Dr Berger^ Geol. Tr.'iii. 184^ Specu« 
lar or c^igiste ir<Hi occurs in kvas, as in that of the last 
eruption of Vesuvius in Decemlier 1S17^ (Journal of R. I. 
N* 10. p. SOI,); and! observed it lining the cavities of 
trap in Iste Miick> on the Antrini co^wlt— -Olivin is a very' 
constant prodnet of lavas. The appearance of Chalcedony 
is sometimies exaietly like that of small spheres in a lava, as 
in q>ecuneiia firom Faroe and Iceland^ (see Mr Allan's de- 
tails in Edm. Trans, vii. 257.) Minerals incapable of so-, 
lution in our liquids are found connected with trap rocks ; 
as threads of native copper crystallised in mesotype^ some 
of the sprays of metal forming the nuclei of the radii of me^ 
sotype in amygdaloid in Faroe.— (Allan, Edin. Tt. fiu»$&) 
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oxide of iron which they contain, to a bright 
lirown or reddish hue *. 

ft 

Vitreous coatings occur in the sides of whin 
dykes in Faroe, Iceland, &c. f 

The glassy felspar of porphyritic lavas is 
often changed to a substance like enamel, the 
same which is formed by the fusion of the spar. 
In pitchstone a* similar change has been describ- • 

ed:|:. 

Lavas 



* The effect of lieat and air in altering the ircm oxide in 
rocks which contain it in abundance^ is well known, and 
arises from an evident change of the quantity of azygen 
combined with the metaL I have traced much of this ap- 
pearance in basaltic country : thus^ at Portrush, the whole 
of the upper layer of trap^ for three inches of thidcness^ in 
a quany adjoining the celd[)rated shell rock, is of a Inown 

tinge. In other situations^ I have compered specfaooens of 

• 

the same rock altered by artificial heat, with those changed 
by natural processes and by weathering, and have no doubt 
of the action of heat and air in many cases c^this kind. 

t Sir G. Mackenzie observed a vitreous coating on the 
sides of whin-dykes in Faroe and Iceland.— Edin. Trans. 
VII, 224. 

t By Dr MacCulloch, in Geol. Trans, in. 94. In Sky, 
the small grains in the pitchstone contain A whitidi enamel; 

and 
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Lavas often exhibit distinct columnar ap« 
pearances, like basalts ; and this adds an imp6rt<^ 
ant link to the evidence, because the same trap 
rocks occur in their own and in volcanic dis- 
tricts in both columnar and other forms *. 

Lavas frequently form dykes possessed of a 
very great resemblance to whin dykes f, and 
thus are connected with granite. 

Pitchstonc 



and the layer grains in larger cavities of the same rock, have 
this enamel only at the surface, while the glassy felspar is 
perfect in the centre. 

* Dolomieu, (Etna, p. 456.) enumerates many examplea 
of basi^c C(Aumn8 in the Lipari Islands, and in Sicily. 
Daubuisson acknowledged the igneous origin of the Basalta 
of Attvergne, after visiting them. Mr Bennet found rang«6 
of ocdummur lava in Maddra, (GeoL Trans, i. 895.) and eo* 
lumns of lava in a dyke, at right atigles to the strata. 

In the eruption of Vesuvius in December 1817> '^ th« 
recent lava assumed the aspect of basaltic columns."— « 
' Signor Monticelli's repcnrt, in Joum. of Science, N* 10. 
p. 201. 

t A dyke in lava, is drawn in one of Sir W. HamiUixi's 
plates, in the Campi Pklegrwi. Mr Giaydmi has described 

the 
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iPitchstone is a mineral common to coun- 
tries of both rocks *. 

Lavas sometimes present a^ uneven surface 
6f a crimpled aspect, from their motion as vis- 
cid fluids ; and beds of amygdaloid have been 
fimnd offering the same aspect f • 

Sir James Hall's experiments shewed, that 
the stony character of basalt was no objection 
to its having been formed by heat ; since though 
traps melt easily into glasses, yet by slow cool- 

ing a stony aspect appears always in the mass, 

• - 

and the glassy character entirely disappears %.' 

.•II- 

These 

tlie dykes of Somma, near Vesuvius, in GeoL Tr4 m. 238.— 
They are evidently fissures^ or cracks of the hiU £nani top 
to bottom^ into which a difibreitt kind of lavm iias flowed^ 
homogeneous, compact, and often presenting eolumnar ap^ 
yeaiances.— -Hard^ed jaspers, and other days, occur in 
volcanic and trap countries, near the djkes. : 

* See above* ' - ' 

f Sir G. Mackenzie noticed this singular fact in the 
amygdaloid beds of Faroe.*— Edin. Trans. Yn.22 V ■ See 
Also his remarks on lava and trap. Travels in Iceland^ p. 360. 

i Edin. Traxis. vol; v. p. 44. 

Mr Watt melted sieven hun4ired weight of basalt^, taa^ 

has 
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These are the prmcipal marks of resem- 
blance between these two important classes of 
rocks. . 



5. Basaltic rocks are seldooi stratified, 
when observed on the largest scale. The same 
remarks which apply to the stratifipation of 
granite, have a close relation to them. Th^ir 
most common character is a disposition in dis* 
tinct concretions, columnar, tabular, globular, 
and concentric lamellar ^. This connects them 
with granite. 



6. Since all these u^stratified rocks po$se3s 
so many relations in common, I shall next in- 
quire 



^1 * III! ■! % * 



: 1 



lias accounted well why all the characters of the (H^^^noal 
rock do hot appear after fu8i6iL--«PIiiL Trani 1804^ p^2S6. 

^ t jJameson's Geognosy^ p. 1S7* 



quire into what is known with r^aid to the 
structure of their substance. 

The globular form is evident fiom the de- 
composition of many basaltic masses in concen- 
tric lamellae, like granite, but more distinctly 
marked. 

The columnar structure varies consider- 
ably in distinctness and size. Basaltic columns 
are of all sizes, from a quarter of an inch to 
twelve and fifteen feet in diameter ; and from 
an inch to upwards of two hundred feet in 
height. The largest columns, in general, have 
fewest joints. A gradation of giain appears to 
accompany their structure, the largest columns, 
like those of Fairhead, possessing the largest 
and most crystalline grain ; the smaller, like 
those of the Giant's Causeway, having the most 
compact and uniform texture *. The absence 

of 



* Berger has noticed this of dykes, GeoL Trans, ni. 
328* 

The most compact, hard, and scmorous tn^, is that of 
the pQlars of the Causeway itself, and those of a small co- 

lonnade 
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bf inclosed minerals, and the consequent homo- 
geneity of texture, render the basalt more apt 
to assume the columnar aspect, and give a 
greater precision to the joints into which the 
coliimns divide *. 

That these columns are not true crystals, 
has been long known ; and that they are not, 
indeed, crystals at all, may be inferred from 
their irregularity of form, and from their not 
being divisible in the method of Haijy. — The 
best views of the Causeway have long exhibit- 
ed the principal appearances connected with 
the joints. They represent, too, thd convex 

and 



»«■ »*■ 



lonnade at Craiigfaulliar, about two miles from it There^ too^ 
the joints are of the greatest r^g^ularity yet known. No 
indosures appear^ excepting a few traces of steatite. 

* *' Basalt passes into greenstone^ in the most impercep- 
tible manner : in the first stage^ the felspar exists under the 
form of shorty scaly parts^ either white or greenish; the. 
texture becomes more finely granular and crystalline; the 
£racture in tlie great is not into flat Conchoidal pieces^ but 
xDorie usually into irregular and blunted fiiigiAents.'*i«-l)r 
Berger, GeoL Tr. ui. 184f. 
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and concave surfaces which each joint possesgp^ 
and their great equality in thickness*. The 
number of convex and concave surfaces visible 
to the eye, in twenty thousand columns, which 
constitute the mole or pier, appears to be as 
nearly equal as that organ can estimate. No 
column is without joints. All exhibit some 
marks of shrinking. I observed one column of 
nine, several of four sides, and the pretty exact 
pentagonal one. Six-sided columns are the 
most common ; but the general or first impres- 
sion is, that of a far greater regularity than an 
accurate inspection afterwards justifies. 

On the eastern side of the mole, the co- 
lumns become a little larger; in the middle, 
and on the western side, they are most uniform. 
On the whole, the eastern side has less unifor- 
mity, and the joints are more frequently and ir- 
regularly 



* Thft two prints, by Vivares^ 1744, from drawings^ by fiirs 
Drury, still exhibit the most accurate views of the Canae- 
way itself. The cqpies whidi I have seep, are publiabed 
by Boydell, 1777. 
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tcgularly cracked*. — A few joints have both 
rarfaces convex or concave. — It docs not ap:* 
pear that anything as to their formation can 
be inferred from their dividing with cither sur- 
face uppermost, or from their position ; since 
columns appear in aU positions from horizontal 
to vertical in many countries, without exhibit- 
ing marks of shifting f • 

We 

il I I A I , , I *, I > I III I , I III ., ■ 

* All these remarks refer to the Mole of the Causeway 
itself^ or rather to the three divisions into which the pier is 
separated.*^-From numerous observations^ it appeared to me 
. that the basalt on the west side was of the finest grain. 

t I have not seen columnl^ dividing below into smaller 
ones of the same formation^ though their division into such 
above, is one of tlie inost common appearances in basaltic 
colonniidei; as in. Port Noffer; above the entrance (^ the 
Cave of Fingal^ and in many other places. This circum- 
stance, deserves attention.-— I join Dr MacCulloch in re- 
markings that StaSa has been much exaggerated in height; 
and I have sefen no engraving of it which makes any ap- 
proach t^^mineralogical^ and. scarcely to general accuracy. 

—The Causeway has been drawn with great truth and pr«>. 
dfiionby Mrs Drury>by Mir Hamilton^ by tlie ttrtist edi* 

* ' ' plojrod 



.* 
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We are therefore left to examine the joints 

themselves ; and here an^ observer cannot fail 

« 

to notice, that his hammer detaches in the di- 
rection of the sides of the column^ large splin* 
ters, in which portions of spherical forms are 
discernible. 

On examining farther, a radiation from a 
centre is seen in each joint, proceeding towards 
the sides and angles ; and this is most percepti- 
ble, when weathering or incipient decomposi- 
tion begins to display the structure of the stone. 
This radiation may be distinctly traced in all 
the columns of the coast ; and is more evident 
in the joints at Bengore than in the smaller and 
more perfect joints of the Causeway. 

On carrying the dissection farther, the tri- 
angular projections, or spurSj as they have been 
called, separate by slight blows from the joints ; 
for they are only attached by a slight connec- 
tion ; and a perfect contact of rock is made on- 



|iloyed by the late Bishop of Deny; and more \ttaif, the 
•d mirable drawings of the last person have been f i jrrw it ff^ 
and extended by Mr GiifSths of DnbliD. 
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ly on one smaU point, while a smooth, and of* 
ten shining surface, of a* rounded form, is pre* 
sented over the rest of the contact. 

On carrying the hammer round the side9 
of each joint, and impressing blows where the 
radiated structure of the inclosed spheroid ap- 
pears to terminate, other angular pieces may be 
detached, and a spherical surface remain around 
the whole of the joint. This is accomplished 
more easily, and in greater perfection, on the 
concave surfaces; but it can also be done on 
the convex ones. 

" It may thus be seen, that each joint con- 
sists of a spheroidal nucleus, occupying a great- 
er part of its mass, and of matter more loosely 
attached, constituting the prismatic form ; and 
that compression arising from the mass, would 

i 

account for the appearance of a columnar struc- 
ture originating from an assemblage of sphe- 
roids*. 

-The 



f Dr Richardson^ in Irish Trans, vol. x« 1806^ gives pretty 
good views of the joint9^ though the appeateipe of then* 

^ura. 
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The basalt of the joints is thns intiitiately 
connected with that of a coarser grain, which 
decomposes, like granite, in concentric layers. 
The whole series is thus related in a fracture, 
of which, however, we shall find other proofs. 

It has been long observed, that where the 
basaltic rock presents numerous inclosures of 
other minerals, or becomes amygdaloidal in 
structure, the prismatic forms disappear *• The 
nature of the rock always changes with the 

perfect 



spurs is exaggerated : he gives weathered and ficesh aspects* 
of the columns, but never hints at a structure nnthm the . 
joint On the other hand^ p. 104. he care^illy distinguishea 
the onion or concentric basalt from that of the columns. 
*^ I have not been able to discover subordinate forms^ or 
an internal construction, in any of these basalts^"-^ccduBanar, 
irregular prismatic^ or tabular)^ p. 103.—- In Mrs Drury's 
prints^ (published 1777 byBoydell), the spheroids inclosed 
in the joints are distinctly delineated and described. 

* Raspe makes this remark in 1777> On German Volca^ 
noes, p. 7^«— 'So in StafTa^ Dr MacCulloch^ Geol. Trans* ii. 
504. where^ like him^ I found no zeolites in the most perw 
feet and dense columps. 
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perfect or imperfect state of columnar struc- 
ture. This fact connects the nature of the 
rock with thfe appearances of its structure i 
and it may be inferred that the two are closely 
united. The perfection of structure at the 
Causeway atiii Craghulliar * must thus be con- 
nected with the homogeneous nature of the 
stone of these columns. Now, glass, which is 
an uniform substance, presents columnar ap- 
pearances, if it be cooled rapidly ; it has only a 
vitreous texture when cooled slowly in the 
annealing process. The texture of the drops 
known by the name of Prince Rupert, was first 
imperfectly traced by Hooke in his Microgra- 
phiaf. The late researches of Dr Brewster on 
light j, which have given rise to an entirely 

new 



* There is an imperfect drawing of this spot in Dubour- 
clieu's Survey c^ the County of Antrim^ vol. n. 

t P. 35. He remarks^ that '^ the larger fi*agments are 
prettily branched." 

X See Philos. Trans. 1814^ p. 436. and 1815^ p. 5. where 
a threefold cleavage of the drops is described. Slow cooU 

mg 
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new branch of science, shew us that these ditps 
have the same powers with other crystalline 
bodies in polarising light. When dissected, 
they present a structure entirely crystalline. 
Fibres, like those of actynolite, occupy the^ cen- 
tre ; around these, plates, also of fibres, and ge- 
nerally curved, are wrapped *. 

This crystallised glass is formed by a sudden 
cooling of red hot substance in water. Our ig- 
norance of the laws of crystallisation, prevents 
any attempt to account for this fact in a satis- 
factory manner f. But before applying it to 

the 



ing destroys the crystalline texture which glass possesses 
when fused ; rapid cooling fixes this texture^ and, renders 
it permanent 

* The easiest way of dissecting them^ is to indose three 
or four in a small box^ just sufficient to hold them^ with 
their tails projecting. Or they may be broken under the 
confinement of water. In these cases^ parcels of fibres and 
plates always remain united slightly. 

t It would be useful to perform experiments cm veiy 
large masses of glass^ dropped into water when in fiisian. 
i^Dolomieu observed large balls in the lavas of Etna. 
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the structure of the Causeway, there are other 
circumstances to be mentioned. 

In the glass-house scoriae connected with 
the bottom of the melting pots, the following 
appearance is very commonly observed. The 
stony slag below the glass has formed into 
spherical masses, often an inch in diameter, and 
presenting a structure radiated from a centre, 
exactly Uke the Causeway joints *. 

These appearances were in 1 804 made ac- 
cidentally the subject of examination by Mr 
Watt, in consequence of an experiment which 
he made in order to illustrate, on a large scale, 
the change of melted basalt into a stony sub- 
stance. In an admirable paper f he has given a 
minute relation of the appearances, describing 
the tendency to arrangement seen in various 
stages of the consolidating or crystallizing pro- 
cess. 

L This 



* I collected specimens of this kind in 1811^ to illustrate 
dir James Hall's paper on the effects of slow cooling. 

t PhiWs. Trans. 1804, p. ^82. 



% 
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This regular arrangement is first develop- 
ed in the formation of small spherical glohoks 
which are disseminated thickly through the 
glass formed bj the fusion of basalt ; this glass 
surrounds them; and they appear in it, with 
sur&ces touching, Jike a cluster of seeds of 
about a line or less in diameter. . As they cool| 
they adapt their form to their situation, filUng 
up the interstices, and presenting a mass which 
is neither like glass nor basalt. 

Such is the case in a rapid cooling ; bat in 
a slower mode, larger spheroids, having centres 
of formation more remote from each other, and 
often of two inches diameter, are formed, which, 
as beforie, are limited in size, by the confine- 
ment arising from contact of their surfaces. 
The structure of each is radiated, with distinct 
fibres, which often divide at equal distances 
from the centre, so as to detach portions of a 
spheroid in concentric coats*. No spheroid 

penetrates 



* Compare Mr Watt's experiments in 1804 with the fel- 
loming general asserticm i 

'' Fosds 



4 
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^penetrates another in contact with it ; both 
compress each other, and have their limits de- 
fined by a plane where separation takes place 
easily. Screeral spheroids, touching on the same 
level, are formed by mutual pressure, into pret- 
ty regular prisons, with perfectly defined divi- 
sions ; and when a spheroid is surrounded on all 
sides by others, it is compressed into an irregu- 
lar polyhedron. 

In the next stage of cooling, the fibrous 
texture is^ supplanted by a compact nucleus, 
which, advancing from the centre, fills the 
spheroids, and gives the compact texture. In 
tfaiSy as the cooling continues, a granular ap- 
pearance becomes distinct, and imbedded crys- 
tals appear. 

f I shall not follow Mr Wettt into his expla- 
nation of these appearances, dependent, in his 
opinion, on the laws of heat and magnetism ; 

L 2 nor 






'^ Fossils having foliated^ radiated, or fibrous firactures, 
ue most unquestionably fcxrmed bjr preci^ation from a 
state of chemical solution."-^ Jmaeson's iMgoosy, IS08, 



« * 
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nor into the very pnAiable mechanical theor^A 
of crystallization ^, which he has offered as the 
best hypothesis ; but proceed to state the ampli- 
cation of the facts which he has observed so ac- 
curately. 

He notices the decomposition of granite in 
globular forms, called by Werner distinct con- 
cretions f ; and he shews how prismatic confi- 
gurations of basaltic columns, and their joints, 
would arise from a mass of fluid basalt* In 
this manner, he accounts for their actual for- 
mation, and for the horizontal position of baastl- 

i « 
tic 



6 



* Philos. Trans., 1804, p. 291. 

t The well known orbicular syenite or granite of Cor- 
sica may be described here. It has a minute and confused 
basis of quartz, felspar, and hornblende, in which are placed 
touching Inheres of two inches across, which are composed 
of concentric coats of quartz and hornblende. In general, - 
the centre is occupied by hornblende, and surrounded by a 
zone of quartz. The finest specimens I have seen are at 
the collection in La Monnoife, in Paris. In some unstrati* 
fied granites, the mica is inclosed in nests or nodules of two 
or three inches diameter, and having their plates ccmcen- 
trically disposed. ' 
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tic prisms in whin dykes, from the cooling in- 
fluence coming on with equal force from each 
side^. He acknowledges that he is unacquaint- 
ed with the (extraction of spheres from the 
joints of basaltic columns, and mentions that 
subsequent observations tiiay confer on his hy- 
pothesis all the demonstration of which it is 
susceptible f . . * 

By a happy generalization, Mr Watt has 
gone &rther, and has shewn that the same for- 
mation is eqilally seen in minerals, of which the 
origin isN undoubtedly aqueous, as the calcare- 
ous stalactites, of which so many columns are 
concentric iand fibrous at first, and afterwards 
become sparry ; and, in the well known lime- 
stones of Sunderland, which are radiated sphe- 
roids, often compact in the heart, often with 
the radii obliterated, and the concentric struc- 
turig alone remaining. These graduate into the 
oolites and pisolites, and into perfectly compact 

limestone. 



* Philos. Trans, p. 309. * 
t Ibid 
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limestone, and are illustrated by that view of 
crystallization which I have mentioned above. 

If I may be allowed, in the present state of 
the inquiry, to state the connection ^hich exists 
between many minerals, and their radiated and 
concentric forms, I believe that it will be found 
chiefly in the nature of the mineral substance 
itself. 

By the aid of the mechanical dissection of 
minerals developed by Haiiy, we have arrived 
at the knowledge of the forms of those particles 
between which the attraction of cohesion is im« 
mediately exerted. The simplicity of the re- 
sults of crystallograjphical science is conforma- 
ble to every principle which we observe in na- 
ture, where all is complicated in the details, 
and simple in the means. More lately, Dr 
WoLLASTON has shewn, that all the primary 
forms of minerals, may be constituted of spheri- 
cal or spheroidal particles * ; and an hypothe- 
sis, chiefly arising from the nature of mathema- 
tical 



* On the Elementary Particles of certain Crystals, iPbil. 
Trans. 1813^ p. 51. 
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tical figures, has received a great certainty from 
the researches of Mr Daniel^ who has found 
differences of specific gravity existing in diffe- 
rent parts of the same crystal, as in the tetrae* 
drons and octaedrons of fluor-spar, in which a 
difference might be expected a prior i^ from the 
variation iti the numbers of spherical particles 
which join to form these figures under equal 
bulks*. 

If cohesion in solid bodies be supposed to 
arise from the mode of aggregation of crystal- 
line fbrqiSy and if fluidity be the result of the 
alteration of these regular figures into the sphe- 
rical particles ^f which they consist, by with- 
drawing a part of the cohesive power f ; and if, 
as has been satisfactorily shewn, a simplicity of 

form 



# 



;' 



* See Joum. of Science and Ait^ N<^ 7* p> 30. 

t This his been long the most probable cause of increase 
of bulk in all fluids which crystallise in cooling ; as in the 
czpansioii of water in ice> in sulphiir^ cast iron^ sulphat 
of lime^ &c An arrangement of crystalline forms appear* 
always to occupy more space than the same quantity of 
matter in the fluid state* 
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form of crystal accompanies in minerals a siiif^ ^ 
plicity of chemical composition "^ ; it may be in* -^ 
ferredy that the more compomid the structure 
of the mass, the less simple will be its mode of 
arrangement ; and that after a certain com- 
plexity of chemical nature predominates in a 
mineral, no regular arrangement of mathemati- 
cal solid forms will arise in its substance. 

All the solid matter of the Globe is either 
capable or incapable of a regular crystallization. 
We observe in nature many species of minerals 
well defined, and it is the object of the improv- 
ers of Mineralogy, like Haiiy and Wollaston, 
to reduce the pure types of these substances under 
regular crystallographical arrangements ; and it 

will 



* We have now at least three modes of ascertaining the 
nature of bodies^ more or less particularly ;— -chemical ana« 
lysis> refractive power as to lights and the examinaticm of 
the crystalline form. In the last case^ sulphuret of lead, 
common salt^ fluat of lime^ and bodies of not very compound 
natures like them^ crystallise in the simplest forms ; others 
of more elements^ as carbonate of lime^ in forma more oain« 
plicated. 
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"^ will be the business of the chemist to include 
• them under that doctrincf of definite proportions 
which is now forming the basis of his science.— 
Nature also exhibits to us, in the great masses 
of the globe, substances possessed of a far more 
complex nature ; for granitic and basaltic rocks, 
consist, as we have seen, of numerous frag- * 

mcnts of the crystals of simple minerals. We « 

might, therefore, be led to infer, that these 
rocks will not exhibit in their masses any signs 
of so regular a crystallization as those of the 
simpler minerals whose crystals they always in- 
clcfse. On the other hand, we may say, that in 
proportion to their mixed character will be the 
tendency to a partial crystallization of the whole 
mass. Now this is exactly what we find in na- 
ture. I have made use of glass in drawing this ** 
conclusion, because glass, in complexity of na- 
ture, approaches to many rocks ; and since it ^ 
has been shewn, that the tendency of glass is to 
crystallize in spherical forms. As granite and § 
basalt when unstratified, present the same globu- 
lar and concentrically radiated structures ; as 
lavas often unfold it ; as limestones contaminat- 
ed 



1 
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ed with siliceous or foreign matter present it, 
we are thus enabled to connect the whok of 
these bodies in one simple structure and ori- 
gin *. 

In fine, in all these examples of concentric 

and radiated structure observed in the great 

* masses of the globe, I have thus been led to the 

conclusion, that their identity of structure arises 

from 



• 



.4 






The polyhedral concretions of the Cheshire roGk«6aIt 
have been described by Mr Flayfair (§ 34.), and afford anodier 
instance of a similar formation. Dr Holland (GeoL Trans. 
1. 55.) mentions the perfect line of divisioii which exists be- 
tween the rock-salt and the clay. — The argument fbr igne- 
ous formation is here sufficiently established^ from the £ELCt, 
that water could not be supposed to precipitate the salt^ but 
heat is sufficiently effective to expel the former, and fiise 
the latter. 

The salt at Cardonna in Spain^ has a highly crystalline 
fracture, and is very compact and pore ; its large granular 
distinct concretions fill a valley, (Dr Trail, ii. 406.); and 
Mr Cordier has mentioned that it has colourless grains, and 
grains coloured from grey to reddi8h-brown.*-«-( Journal of 
Science, No. iii. p. 154.) 

The pumice in the Campo Bianco in Lipari, haa a iuaii* 
lar structure in globular concretions. 
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fcom one general fact; th^t when in a fluid 
state a simple mineral can return to its mathe- 
niatical form of crystal, while a compound rock 
cannot return but partially. If we seek for the 
cause of this phaenomenon, it may most proba- 
bly be found in that tendency to mechanical ar- 
rangement which appears, as far as we know at 
present, to be the governing principle of crystal- 
lization, and at least offers to our view all its ef- 
fects in the structure of crystals ^. The nature 
of the passage from the fluid to the solid state, 
must . also modify the forming arrangement of 
particles; for Dr Brewster's admirable disco- 
veries have shewn, that the crystalline texture 
exists in glass when it continues in the fluid 
state. He has also proved, that mechanical 
compression and dilatation produce such a de- 
gree of crystallization in glass as is effectual in 

polarising 



* Prafinssor Morichini's discovery d the power of the 
violet TKfs of the sun's light in magnetising needles^ has 
latdy been confirmed^ and may be connected with.that in* 
flnence of flight which has been long observed in crystalli* 
sationst 
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polarising light *. This principle may have its 
effect, as well as the rapidity of cooling f , and 
the changes induced by the formation of new 
crystals in the mass of rock, deriving their ma- 
terials from its substance. The existence of ap- 
]pearances of this kind, to a greater ^or smaller 
extent, is an additional fact whence the truth of 
the general conclusion may be deduced. In 
other cases, marks of a regular and a spherical 
arrangement occur in the same crystal^ as in the 
mineral denominated Pearl-spar, where curvili- 
near forms are given to the rhomboidal crystals, 
of which the complexity of its constitution thus 
forms the best explanation if. 

In 



^ Philos. Trans. 18l6> p* 156. — By examining several 
minerals^ when heated^ as to their polarising powers, new 
conclusions may be deduced. 

t The columns of the Causeway, it is probable firmn 
these views, owe their superior regularity and equality of 
joints, to the preservation of their unifonn substance, by a 
more rapid cooling than the larger pillars around them were 
subjected to. II 

t Pearl-spar is composed of lime 29*97> Magnesia 21.14, . 
Carbonic acid 44.6, Iron 3.4, and Manganese 3.5. 
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In all that has been stated on this subject ^^ 
let it be remembered, that every thing applies 
equally to aqueous or igneous consolidation, and 
that in fact we need not look into these appear* 
ances for proofs of the origin of minerals from 
either of these causes. For, as has been stated 
formerly, the true nature of aqueous does not dif- 
fer from that of igneous formation, and we can- 
not therefore be expected to trace any difference 

in 



^ I have often observed the regularity of the spherules 
whidi are projected from mixtures of oil of turpentine and 
nitric acid> and which formed suddenly^ and when heated^ 
exhibit; when dry> a regular concentric structure in many 
cases. 

tite^ prehnite^ &c. are always associated with a radiated 
structure ; and Mr Daniel^ by immersing polished camelian 
in fluoric acid^ found in its dissection^ in this mode^ a con- 
centric structure^ entirely unseen before^ (Journal of Science, 
No. 4. p. 278.)...... This interesting fact seems, with others, 

to render the above appearance general, and may allow us 
to trace ablation between the crystallising forces, and the 
external aspect of many minerals. It connects chalcedony, 
which is always an uncrystallised substance, with the iden« 
tity of constitution seen in basalt. 
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in their results. With regard to Basaltic locks, 
there are not, however, wanting other proofi of 
the peculiar marks of heat, which I now proceed 
to trace. 



7. Position. Trap rocks, unstratified, form 
the highest and the lowest visible rocks, in liie 
countries where they occur ; and they even ap- 
proach in elevation to many mountains of pri- 
mary chains. They interfere with all rocks, 
from the oldest primary, to the latest secondary 
of gypsum and clay. 

Since this position will be doubted^ and 
since the latest mineralogical surveys of a basal- 
tic * country, like Antrim, always represent the 
trap as resting on the uppermost strata of chalk 
and clay, and forming a cap above them of varia- 
ble thickness, I shall enter here into some detail 

In the county of Antrim, there are many 
opportunities of observing that the basalt oc- 
cupies the highest and the lowest place among 

the 

* See Dr Berger^ and the Rev. W. Conybearc^ in GeoL 

Trans, m. 
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the stratified rocks. It forms the summit of 
every hill and mountain, like granite in a pri- 
mary tract Though mantle-shaped strata are 
not seen resting on its sides, as on granite rocks, 
yet other appearances equally satisfactory may 
be observed. On Knocklead mountain, in An- 
trim, near Ballycastle, I ' found . strata of mica- 
slate inclined towards the mountain, and, though 
I could not trace the junction, evidently, from 
position, resting on the basalt which appears 
above them *• In a cave on the sea-shore, at 
Lorryban near Ballintoy, I observed the basalt 
both above and below the limestone strata. I 
examined the large nodule of basalt which is 
imbedded in the chalk near the western extre- 
mity of the White Rocks f , and I found several 

others 



* This mica-slate is in several spots highly coloured 
with reddish tinges^ and in most places is very shivery, and 
not coheieiit These may be regarded as marks of heat, 
jBrom the basalt below. The best appearances .are seen in 
the principal bum or ravine on the western side of the 
mountain. 

m 

t Mr Conybeare, in GeoL Trans, iit. p. 212- 
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others of the same sort on that coast. At Ken^ 
baan, the chalk is seen forming a mass with ba- 
salt above and below it ; and assuming at one 
extremity such a curvature as would naturally 
result from lateral pressure ; while at the other 
end it is rent and shattered in all Erections, 
the basaltic matter insinuating itself into the 
fissures and changing the chalk into granular 
marble at the contact. Fragments of the chalk, 
of all sizes, appear to have been forced upwards 
and imbedded in the basaltic rock, having been 
altered on their surfaces wherever they came in 
contact with it *. 

These 



* Ibid. p. 209. — Mr Conybeare has given as accurate a 
description of Kenbaan^ as the state of the debris allows of; 
but his drawings only give an inadequate representation of 

this interesting spot The alteration of the flints there i^. 

remarkable. 

The masses of chalk here inclosed in the basalt, are ana< 
logous to the imbedded masses of sandstone in the green- 
stone of Salisbury drags, near Edinburgh, described by Mr 
Allan, Edin. Trans, vi. p. 431. 

Mr Conybeare, in a note, p. 208. supports the igneous 
origin of Basalt from Kenbaan. 
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; Thctse fi^peatahces are utterly indxplicaUc 
<m any l^ypotiiesis b9(: one,-~tHat of the basalt 
being thie jbwest as well as the highest rock ; 
and of &&iring been forc^ upwards, so as to de«> 
-range ^the strata of chalk, inclo^ masses of it in 
ito own. substance ; and propel or deposit round- 
ednodulesuitb the chalk, when ill a toft state, 
from the pmenee of the wiater which arranged 
it inlayezs. 

• Tlie principal spots in Antrim, where ba- 
sailtic hills axe iiearly surroundied with the chalk 
stcata, ans the Mountain Devis, the Squire's 
Hall, the Gave Hill, and the Knocka. In Colin-* 
gleh,.betwe^ Colin Momitaiil and Bevis, and 
along the eastern sides of the whole range, foe 
fourteen miles, the chalk skirts their ^ides, and 
appears^ in: many quarries and in numerous ra-. 
vines. As we penetrate the small glens be- 
tween the hills, we observe the chalk resting on 
mulatto^ (a mixture of it with specks of green 
^artfa; ' or'm calcareous saa^idstone,) and that on 
the ffof or slaty blue <:lay, sometimes inclosing 
^psunu The . whole series, from its organic 
fexnains^ aad its position, and nature, has been , 

M completely 
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eompleteljr idenfified with the Igngi^^ 
the only diflfeience aiisiiiif in the haidnes of 
the chalky which is sapecicvy m maoj plaoe^' to 
that of ordinaiy limestone*. Wkh this haid- 
nesSy rents or fissnieSy not so distinct in the 
English chalk, aie associated, and these are fte* 
quently lined with coverings of ciTstals of caiU 
ouceoQS 9gBX4 — ^The whole of the stiata of chalky 
hloe clay, and mulatto, are crowded with dielfa^ 

The opportimities of ohsenringjuicliaosare 
mimerous, along the fiure of the hilk ; m Cofin 
Glen; at a cascade on the Mile Water, nearits 
rise, on the west side of the Cave Hill; and at 
acune fine waterfidk in Woodbom^ twaiuka 
above Carrickfergns. 

The strata of chalk, except where fistiurlv 
ed^ are yery r^nlar. The line of their jimc^ 

tion 



* Dr BtTget, in GeoL Tims. m. l&[. & 130^— The fii. 
mei^die liniiii^of ciksreoiis-^flr oYcr tibar — "^Wt m 
muqr plaoea^ and die ahoed aipects m die flinta^ boie up* 
peuvd to me to Gonsthnte, together widi tibe hardneai^ Ibe 
priixapaL diibraioes bctvfca die Amrim «id dtt Eaf^irir 
ckJk. 
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tion with th^ baaalt, along the &ces of the hiUs^ 
is not horizontal, but extremely irregular,— *a 
circumstance which may be explained on either 
theoty« A. general direction of dip does not 
^xist among them ; for they always dip towards 
the mountains ; and, of course, in going round 
these, they dip towards all points of the com* 
pass"** The gngle of their dip, thus always at 
right angles to the side of the hill, is pretty re-* 
gularly about 9 and 10 degrees. 

On Slnocklead mountain, the arrangement' 
is completely seen. A zone of chalk nearly en« 
circles its middle region ; above which the un- 
gtratified basaltic cone rises, and the angle of 
dip of the chalk is very small f . 

Now these appearances are exactly the same 
vith those observed in mantle-shaped strata a-> 
round granitic moimtains, with one exception, 

M 2 that 



* Dr BicbirdBani had inferred^ (Ph. Ttsais. 1808> p.2]^4h) 
diat die chalk strata below the basalt is not an accurate 
filane^bat rather resembles a bason, since everyvirbere, at its 
periphery^ it dips considerably. 

t Berger^ p. 175. 



tliat the cihdk i^rata, itirtatdbf KAiiftg ois^ (H^ 
nnder the incumbent bassdi. 

The basaltic rock, Ukt g^MAb^ fonng thir 
nimmits of the hills } bat that it is abo the lom* 
est visible rock^ is ^vidmt from the tebiCMljkei^ 
which are continuations x]f tlieir subslnce, pass 
tin^ougfa all the strtfta of chalk and dsfy:^ appear 
on the sea-shore at a great distance below tiiQ 
kvel of the ctedk ; and even ttaveise the bed of 
the Lough of Bel&st. From the (^smckfstffasi 
sbore to the opposite coast, neveral wkin^ykes 
appear to be -distincUjr continued aCMtt tiie bed 
of the sea,-^'^ distance of tjtkrtt Biiks ; for the 
same dykes maybe traced %ocefre(^poii4«t Ma- 
cedon and Holywood. That these dykes are 
continued into the basaltic faiUs themselves, is 
in many places evident, from their eittent and 
bearings, though, from their number^ it is not 
easy to trace to the precipices the same dyke. 
The T\^hin-dykes below Ballintoy, 4Uid in other 
^pots, are in a similar situation. No conver- 
gence appears in them ; and no termiitotiCQ to 
any one below is known. 
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. On the )qrpothesis of a deposit from ah<yo^^ 
it is ii^possilHe to explain these appearances, or 
even thati of the occurrence of one rounded ma9)s 
of basalt ifi the chaUc To the disciples of Vftx^ 
ner it is peculiarly difficult ; because it supposes 
that: this greot .fprmation of ba^ajit, the newest 
of all fonoations, was let fall from' a chemical 
solution in a liquid, which must have retained 
its mattcifi ^ssolved during the periods when it 
acted fi^ a nm; in which many successive gcne^ 
jat^GW of sihiE^fish had lived ** 

Why should we then, from the appearances 
id^ch l^ve.been deiscribed, refuse to associate 
basalt with; gvinite ? On the theory of an origia 
from; below, all the phaenomena meet with an 
explanaticxi of great simplicity. An unconfor* 
'mable and unstratified rock f lies aix)ve and be- 

/ low 



* The ecmunon apparent situation of basaltic masses 
fomui:^ die tq^i of hills> has been hitherto a sbrong argiv- 
XQeDt against ijg^itoiis origin.«-*See Daubuisson on Basalt 

t I may perhaps be referred here to a drawing given hf 
Ite-Rjchwdsgn in Irish Trans, vol u;* 43. as a correct re- 

preseirtatiop 
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low a scries of strata. The dykes which pro* 
ceed from its substance traverse them all ; and 
are evidently, in this respect, rehted to granite 
veins. Strata of a substance completely identN 
fied with those of the same rock extending' over 
a great part of England and France, differ from 
fhem only in possessing a far greater hardness; 
«~£ven the numerous degrees of this hardness, 
indicate the operation of a jx>wer acting un« 
equally over extended masses. The ffixection 
and dip of the strata confirm the theory of fi>r- 
mation from below. Let us conceive a dense 
mass of basaltic rock raised from the bed of the 
ocean, and under its waters *• Its heated mass 

would 



presentation of the stratification of the predpieeof the Cave 
HilL In the print, a very regular arrangemest of stratsL is 
indeed represented. Nothing of that kind is hofwe ve r to 
be seen on the hill ; and as a general view of the spoC, Dr 
Kidiardson's has certainly the least possible resemblance to 
the scene. Some of the rest of that geotlenian's dmrmgs 
pos8^ very considerable accuracy. 

* The soda of basaltic rod» shews a idation be t ween ft 
and the present sea. 
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iHrouid begin to harden the chalk strata alxyye 
it ; and^ aft^ its elevation, its weight of sub* 
fiance wooldy at the extremities where it over- 
flowed^ press down the strata of the yielding 
substances all around, and present their direc-- 
tion and dip as we now see them K 

Instances of the overflowing of Gcanite 
have not yet been discovered, or, as far as I 
know, been described with sufficient accuracy 
to enable us to draw just conclusions. Instan- 
ces of the overflowing of basalt are numerous, 
and they seem to constitute a principal diSer*> 
ence between it and the older rock. 

In several spots I have noticed, that the 
pressure of tbe mass above seems to have been 
the cause of the dislocation of the strata. Ken- 
baan has been already described. At the pro- 
montory 

^^■— — i— — I ■ M^— ■ I ■ I ■ ■ I I II I I I t 

* Dr Madmiglit, !n his description of Ravensheugh^ in 
Weni.Tniii8. n. 407. lue ad(^)teda9knilflr ex^ai^tionwith 
this wbicli I have here given ihmi the appeanoices of ths 
Antrim strata. He illustrated it by a sketchy p. 40S. and 
adduces it to explain a cotemporaneous and aqueous fymnr 
tian; but I believeittobeoneofthoseajypeiranoes whi(A 
Jesuit from pressure alone. 
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tnofitoiy AixSltd the Whittlicadi. neat rhfe Mtfge^^ 
the waves expose, the strati oC chalkt dippi^jL 
as usual, inwards frcnn the shore, j A iacg^imsi 
of basalt rests upon themt foraied into pi)^^ ^ 
considerable regularity. ; This masQ* wjb^pe it is 
thickest, seems, froikiita great weighty itQ hfive; de-^ 
tanged the strata below by producing n fissure, 
on each side of .which the chalk d|ips in the di^. 
rection which ccHild alone be given to it by ih% 
pressure of an incumbent mass-Tr-Iti oth^? iu-^ 
stances, the pressure of the.baiSRSilt bas^ l>e€u re- 
sisted with g^at uniformity, as around )ha 
mountain Knocklead* . 

It does not appear that the debacle itim ba- 
salt has been on so extended a scale a$ that from 
primary chains*. Every thing indicates that 
this rbck had arisen under a sea not deepcJ: than 

that 



^ 1> Berger infers, that no di^turbano^ but w^anDg 
down; has occurred since whin-dykes were fc^ined, t^ m* 
p. ^32. He eictends the siune conduisioii to the mountsins 
'««'hieh they inteisect* 

■ ■ .;' v.- • : Oj 



thai:,ifbid^;r jHuhes^ our present land. In An« 
tfjno. jliM,j9^ilk a position nearly analo-^ 

gpiui-te> tl^|boi|adarj of the present shores *.^ 

■ 

Basal$ ^Ipttrif fit graduate into a aeries of rocksi 
like gvWiU^ In many spots, the strata which 
it &rmsabave.the unstratified masses, evident- 
I7 present an aggregation of conglomerate or rol- 
led roclu . Much of this appearance is seen on 
the ch&iiear Dunluce and Kenbaan. Where a 
complete disintegration of the stone took place, 
under watex^* the formation of a fine clay might 
be expected; and in a clay abounding in oxide 
of iron,, the subsequent heating of the mass 
• . . I . . would 



Dv-BkhardbQii^ in Philos. Tr^ns. 1808> p. 222. has wriU 
leu Uargely on the debacle from basalt^ and infers, with great 
probability^ that all the coast and county of Antrim has 
been modelled by the wearing down of that rock. 

* The Bev. Mr Conybeare thinks that the sea ancf Lough 
Neagh have received the debris of the Antrim debacle— 
Geol. Trans, ni. 132. 

In Berger^s map of the County of Antrim^ in the sanit 
volume, it wiU be seen; how nearly the distribution of the 
chalk 19 rekted to the piesent shor^ of the country « 
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would call forth that red colour which all mch 
clays present when heated, from a change in the 
oxidation of their iron. Strata of this day in^ 
terposed between strata of consolidated amor- 
' phous or columnar basalt^ might be expected to 
appear. They would exist in all states of hard- 
ness, and the presence of steam, as formerly 
mentioned, might preserve a great softness in 
some of their beds. In others, the application 
of a greater heat would fuse the substance com- 
pletely, and give to it the greatest induration of 
which it is susceptible. Stratified beds or hy« 
ers of such clay, and of basaltic conglomerates 
and amygdaloidal masses, would thus be account- 
ed for in the same manner ^s the fprmation of 
gneiss or mica-slate in the primary mountains. 
One general principle, disintegration under wa- 
ter, united to consolidation by heat, would 
attest the simplicity of the operation^ of Na- 
ture, , 

The appearances here are exactly what 
have been inferred from the above consider-t 
ations. The red ochre, bole, or iron-^lay, accom- 
panies the basalt wherever it. occurs stratified; 

where 
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where the rock is decidedly unstratified, I hare 
never been able to trace it but in veiy small 
quantity. The arrangement of eighteen succes« 
sire strata at Fleskin has been often described ; 
of these eight are red ochre, in beds of very va^ 
liable thickness. The same rock accompanies 
the stratified basalt of the coast for seveiity 
miles. It possesses every variety of hardness. 
No inclosed mineral is found in the basalt, which 
is not found in it. I have constantly noticed 
that where it is thickest, the hardness is least * ; 
where it is thinner, greater. On the cliffs of 
the Black Head, at Isle Magee, I found all 
the above principles confirmed by an appear- 
ance which I have not seen any where else in 
such perfection. There the red clay, hardened 
to a jaspery consistence, and highly splintery, 
forms, at the entrance of the two caves of the 
promontory, a lining to the concretions of ba- 

salt. 



* Lest this slKTuld be ascribed to the effects of wearing; 
I may nention^ that in Port Roysttm and Port na Spania, I 
canmined the odire to some depihy imder the exposed tori 
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, sdjt, each mass of which is completely surrouad- 
€4 by a covering of it, of two or three laches ia 
thickness. "1^ 

I have thus endeavoured ta trace the facts 

■ ■ 

^ which- are connocted with thi^ position, of baMlt, 
and the circumstances in which this agfoees .with 
and differs from ^ranite^ • A xjuestion may axise 

-: as 



>*mm0^tmm^0mmmm>m^i^0mm^fmmmm0mi0m^'iml^m0im 



* Dr RiduvdMn constantly mentions the red ctsy as 

■(rata in Edin. Trans. yoL t. pb 2Q. 

'^ 1. The ochrous strata are extensive;, (Taiying item an 
'' inch to twenty-four feet in thickness) ; they remain al<* 
'' ways parallel to the basalt strata which they separate; 
'' they tmite to the basalt^ without interrupting its solidity ; 
" the <£ange from the one to the other is sndden^ and the 
, '' lines of demarcation are distinct Hie ocisroiis stone is 
^* never found but contiguous to the other basalt 

" 2. The substances imbeded in die ochrous rodc^ and in 
** basalts^ are the same exactly; calcareous-spar^ zeolite^ 
^' chalcedony^ &c. 

^ 5. Among the varieties which this rock presents^ there 
" may be found evctty intermediate 8tage> between wund 
^^ basalt and perfect ochre. The change is often paitisl^ 
ff beginning with veins> and slender ramificationti** 



U to the relive seras of these two great forma- 
tions. Thi§ is answered by considering, that 
l^asah iauie be tiei««r than the stiiata 6f shells 
t4iiotigk «v0l)kll ft: rises, i»id nvhich exhibk to us 
the 4Uiei(iit bwd of the sea. It must alsa be xiew« 
w than ^grailfte^ fimn «!hree facts; — ^its valfeys 
aiid defbaeie-ftild -subsidiary sttata are upon a far 
sflMUeF^cfale ; it lias risen through strata of mica* 
i^ate^ tfofiglemeraitev ^nd ancient alluvial strata ; 
^^ ktf ^kes ^fien traverse graoite itself''^. 

8* Whin- 



From these fiiKSts^.Dr Richardson has constantly inferred^ 
fiiat this substance is merely basalt in a certain state of de« 
(iomp<MitiaiL fri^ Trans. :x. 9^. and tx. 458.— 'So also did 

DaubttisMm found in Auvergne pitchstone decomposed 
and i^niTfld partly to a brownish maaa, xfisembling ironn 
ochre. 

AndjRnS'C^tiie Ifon^day of the Causeway^ Silex 51 ; 

Alunxha SS^ Idme 4.5 / Chdde iXhxm 25^ Waiter 15 ; %o* 
Aa mmd^^\l>a Ceda, Jetiftudirr Saiedee^ Na. 7. 160.) 

* That is^ newer granite. In the oldest gcanite mountains, 
> with mande-shaped strata^ no whin-dykes have yet b^en 

/ .... Ibund* 



19a 



8. Whin-dykes. — The phaenomena of whinv 
dykes confinn the proofs which hard been gi- 
ren of the igneous origin of the tiapi^nx^lQi^ 
They hare been frequently described ; and 
new accounts of them, in all couatriesy are *ra«* 
pidly accumulating. In their structure ^od na- 
ture, a ^at uniformity prevails. The greater 
number are simple fissures, filled with sobttaxicc 
at a period either simultaneous with, or imme* 
diately after their formation. Da BEMixa htt 
stated"*, that, on the average, he fiwuid the 
widest dykes in primary, and the narrowest io 
secondary country. In Ireland he has sibewn, 
that a general direction from S. £. to N. W. 

appears 



fiouiuL InMull»JiaaQe9onba8de8cr3)ed(MiiRrilogyofthe 
Scottish Isles, voL I. pb 280.) extenave basaltic vdms in gn- 
nite^ widi pieces of gxsDite induded in die basalt Tenuis and 
in one instance^ the granite iriliidi bounds the fide tf die 
vein mixing with the basalt 



• GeoL Trans. t«L m. p. 287. 
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Rppbars to prevail in the greater number * ;-^ 
a remarkable &ct, should it be well established 
by observgtions in other parts of the globe^ 
since it comiects them with the extended 
chains 'Which have taken place over the 
earth's sur&cey and thus aflfords a new proof 
of their origin from the largest masses which 
compose it. All whin-dykes are vertical^ or 
neatly so» No convergence appears in them ; 
they eEshibit no branches or strings ; but they 
are sometin^s waved or bent in their course f « 
The nature of the rock which they contain, is 
of considevable uniformity, at whatever dis* 
tances they are placed. In the arrangement oC 
their contents, the greater niunber are of sim« 
pie, but many of compound structure. In sim* 
pie dykes, the fissure is filled most commonly 
with small basaltic prisms, either in an upright 

or 



* GeoL Trans. voL in. p. 224. where there is a table of 
tibe dykes of Ihe north of Ireland. 

t I have only observed this drcumstance in nanaW 
dykes, when nearly terminating in the i^ppennost strata. 
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tir an horizontal position. In mort catea^.tliese 
pillars, if they traverse basaltic rocks, ane of a 
filler grain than the penetrated roclu I&othler 
cflses^ the dyke is filled with amorphous pieces 
{DiT rocky often rounded. In compound dyke^ 
tiie ^ides are often constituted of layers of 
^ri«ns, upright or horizontal ; while the mid- 
(fie is filled by amorphous basalt, or by prisms 
of larger size than those of the sides *• AU 
Ihough in dykes a considerable tegalarity of 
disposition of their contents is thus seen, yet 
they never present the nmnerous surrcasiDns of 
layers, and the drusy cavities, which ate seen in 
metallic veins. 

Dykes are often extremely numerous ; and, 
in many cases, they produce very little distur- 
bance in the regularity of the strata which they 

• traverse ; 



* Mr Wynch (Geol. Trans, vol. nr. pi. 4.) gives a figure 
«f a dyke in the coal near Nevcastle^ where the sides are 
fxxnipied by basalt^ and the middle by confused fiagments 
tof the coal strata^ and balls of basaltic tufiu 

Dr MacCnllodi has described a compound dyke at Strath- 
aird in Skj^^mG^oL Trans; vol ra. plate 4. 
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isometimes Bone *. From this and other appear- 
ances, thtee kinds of them may be well esCa* 
blished. 

^i*) The first kind is a simple fissure in 
the strata, •formed previous to the irruption of 
its contents, and not produced by it. The xa« 
pid contraction of a wet paste incumbent on 
heated - ma^M^ would give rise to them, and 
matter 'from below might afterwards rise and 
consolidate in them. 

(ii.) In another kiild, the fissure^ or a part 
of it, has been produced by the irruptive power 
of the ascending matter. In dykes of this kind» 
the chief disturbances of the strata are observ- 
ed f. 

(III.) 

» 

^^— «— J— — «t^— ^Miiii nil*. ■iii.^M.^t*^ » ■■ ^1 111 r I i^iiii — ini^ 

* Dr MacCuUoch (vol tii. |>. 77.) bas described msaxf 
dykes in Sky^ wbicb traverse tbe strata with abnost no dit^ 
turbence. At Stratbaird (p. Si.) tbey are so numerous in 
A snuQlqiaoe^ tbat be ulfers that tbe undisturbed sandstone 
jQtiust bave undergone a biteral extension^ equal to at least 
49ne-tenth of its substance. 

t Masses of tbe rocks of tbe sides are often found in« 
closed in tbe midst of tbe whin. See Allan on the Vidntty 

K of 
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. (nr.) There arc dykes which haTc coos^)- 
IxdiUsed in thci rock of basalt aitMidd them, near- 
I7 at the same time with its own consolidation^ 
uj 1$ evident from the. imperceptible mode in 
which the substances are united at the junc-^ 
tiow*. 

It is obvious, that the last kind can only 
be seen in basalt itself. — ^All these kinds pre- 
lent, . on wearing down, w^ known appear- 
ances. Being always harder or softer than the 
atratai they either remain as wsdki a^ftec the 
rocks around, them have submitted' to waste 
and decay ; or they themselves are- first carried 
o^ and thus on the sea-shores often give rise 
to the formation of caves. 

From 



of Edinbozgh, Edin. Trans, vol vi. p. 4a2j » *| Ja « GeoL 
Tniifl^ voL IV. plate S8. 

*i At Fairhead^ about half a mQe firom the iuglKSl soiii- 
mat, I saw good examples of this kind of dyke, near th« 
AoK^vi a small lake mentidned by Mr Conybeara^ p. dO& 
and where I saw no basaltic cliffs .ro m w m diiig rttrhtmki — 
I endeavoured to trace one of these dykes to the Grqr Man's 
Path on the precipice^ which I found to be atms dyke, but 
was not successfiiL 
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From fhe nature and the structure of tibese 
-^keSy taken' iii connection with other facts, \ve 
may infer their consolidation from the action of 
lieat. And, as they pass through all the strsd^, 
thift oipink>n will he confirmed hy the appear- 
ances . which they present at their junctibm 
witfa varms kkids of rocks. 



9. Th^e phasnomena have heen frequent^ 
}y described ; and they supplied one of the first 
and the best proofs of Dr Hutton, in favour of 
an igneous consolidation of the strata* — ^Whea 
sandstone is the rock traversed, it is often chan* 
^cd in colour, and hardened ; or it splits easily 
into thin plates'^. Mica-slate, when adjacent 
to drfir walls of a dyke, has its texture loosened, 
and its substance reduced to dustf. The char- 

• # 

ring 

"l b 

* Aaal^ Salisbury Crag8^-«49e^ Dr MacCidleeh'g veiy.ae- 
curate aco(Hmt of the junction.of trap and aaadatone $i Stir* 
Hag Castle.— (Geol. Trans, n. p. 306.) 

t InJ3aBCfBlL--I)e8Gribe^ 
lu. 230. 

If 2 
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ting of coal in their vicinity was first observed 
by Hutton ; and it forms one of the most com* 
mon appearances in those coal-mines where 
dykes traverse the strata "^^ In Easdale, the 
clay-slate is shivery where the dykes traverse 
it f . Slaggy or melted appearances often cover 
the sides of the trap veins %. Red sandstone is 
changed, in some cases, to a compact horn- 
stone § . Slate-clay is altered to a flinty slate {[• 
Common clay is hardened to some distance from 
the rock, and changed to a splintery fracture f . 

When 

* Flayfair'8 Illustrations, § 68. & § 267.-*As at Saltcoats, 
in Ayrshire; at the Walker colliery, Newcastle. — See Mr 
Winch's description of it in Geol. Trans, vol. tv. plate 5.f*-« 
At the Ballycastle mines, it is reduced to dnder84-<-(Mr 
Conybeare, ib. p. 206.) See Mr Aikin on a Bed of a Trap in 
Staffordshire, vol. in. p. 255« 

t Observed by Professor Jameson, Min. of Scottish Isles^ 
vol. I. p. 194. 

i See Mr AQan, in Ed. Trans, vol vi. p. 422. 

§ Rev. W. Conybeare, in GeoL TraHs. iu. 201. 

II lb. p. 205. 

V Observed on Devia Mountain, near Bel&st; and on 
the Falls river below, near Mr Stevenson's, &c 
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«— When chalk is traversed, a limestone^more or 
less granular, and generally phosphorescent, is 
produced*. When limestone is cut through, 
it is seen much fuller of joints near the dyke, 
than at a distance from it, and more hardened ; 
sometimes tending to the sparry texture of crys- 
tallized carbonate, and sometimes enclosing iron 
pyrites f . 

All these are effects of heat, and all can 
be imitated by artificial fires^ The supposi- 
tion of a consolidating fluid percolating firom 
the dyke through the materials of the sides, 
vdll not account for one of these facts, as far as 
our experiments can guide us :|:. The action of 

heat 



* As at most of the dykes m the chalk strata of Antrim. 
The flints are also altered. Dr Berger has described the 
cjiianges with great minuteness and accuracy^ GeoL Tr. lu. 
p. 17«. 

t See the description of a dyke in Northumberland^ by 
the Hon. Mr Bennett in GeoL Tr. iv. IDS. 

X This is the on]y Wemerian 'supposition which I have 
met with.*— See Dr Murray's Comparatiye View^ p. 1S2» 
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hegt akne interprets the af^iearaiices whidi we 
obfcrve m Natuie, and interprcis them alL 

I hafe already mentioned the hardening ^f 
die chalk over an extensive coontiy, fay the 
presence of basalt* This phaencxmeAoo has hi- 
therto been obsenred only in the county of Aa-* 
trim ; and, as ail that country has a basis of this 
rock, it affords an additional confirmation of 1^ 
truth of the general conclusion. 



11. When wood-coal is found incumbent up- 
oaand overlaid by Basaltic columns, appearances 
similar to those already menticmed may obrious- 
ly be expected. — Small beds of this variety of 
coal were discovered at the Causeway, in Port 
Noffer and Port Ganye about 1815, similar to 
those which occur at Ballintoy on the same 
coast. Last year I had an opportunity of ex- 
amining all the places where the coal and the 
columns are in contact. The stratum of coal 
£>llows the same dip and direction with those of 
the rest of the strata. At Port Noflfer, immedi- 
ately above the mole of the Causeway, its d^th 

u 
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is sQioat ftrt leeb Tke CQlumaar basdtt at the 
xippet laiKsdioni fovxas a wdl defined and waving 
iine^ JioiB an extensive series: of specimen. s, 
the <di8iige £:oin wood little altered to a charred 
ttiaBS mixed with day and crowded with imper- 
ftct augite% may he traced. There is no per- 
fect coal^ as we would expect ; and no hitumen. 
The johaited appearances are of every shade of 
white, grey and black hues, exactly as in an or- 
dinary fixe.— In some of the excavations at Port 
Ganjre, where the basalt and wood-coal are in 
xsuatact^ the rock has become of light purplii^ 
hues, with many black specks of coaly^ matter 
disseminated through it, and numerous air- 
holes lined with a species of soot. The basalt 
akers with a constant variety * of colours^ in the 
. mme specimens, from a bright red to a greyish 
white. 



lit While this altered wood bears marks 

of origin',' jperhaps mote recent than the sera of 

the {^Ib in clifl^ not &r distant, the appearance 

ixt ashes In another spot in Port Granye, adds tb 

the 
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the proof*. These ashes or rather cinderr, 
wtxc found lately in small quantity : I traced 
them on a cliflf, where^ firom the natuce of the 
groond and the debris, an artificial formation 
could scarcely take place ; I found them in 
loose sandy soil immediately aboye the basalt^ 
but the state of the cliflfs did not allow me to 
obsenre their connection. They resemble the 
brown slags of ordinary furnaces, and are iiccom* 
panied by small pieces of very hard jasper, 
which seem to have originated from the red 
day.— -This proof is not, however, of much imr 
poctance. 



IS. From the existence of shelis in strata 

evidentlj 



'mm 



* In Auvergn^^ Daubuisson men^ons pardcukrly the 
Uistered surfaces of basaltic summits^ and tbrar spongy 
scoriof, and their mixture with volcanic ashes.^— ^Joum. de 
Physique, 18a4> p. 47*) He describes lava in the fonn cf 
cunents, basalts, and porj^yroid massesd*— In the coflectJom 
€£ St Fond and Spallanwmi, preserved in the Museqm of 
l^atural History at Paris, I found many exactly coKrespond* 
ing to Soottish and Irish specimens. 
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evidently "xftodified hj heat, I shall attempt to 
deduce a proof of more importance. When a 
shell, as a helemnite, occurs in the crystalline 
Umestone near the junction of a whin-dyke, the 
texture of the brown limestone which forms the 
shell becomes considerably more crystalline than 
in belemnites at a distance ; but a more import- 
ant remark js, that the shell exhibits such a 
.complete. u})ion with the mass around it, as could 
only result from a chaiige which has affected 
both }n the Sf^mt manner, and which renders it 
impossiblp tp dfstaqh it entire* In some speci* 
mens these blending appearances are of great 
distinctness. 

That the rock containing ammonites at 
Fortrush should have ever been mistaken for ba- 
salt, in any one of its numerous varieties, is a 
circumstance to be accounted fbr only by that 
iremarkable disposition to hypothesis which has 
so frequently disgraced Geology *. It is the 

more 



^ Dr Bichardson's Siliceous Basalt— -Edin. Trans.ToLv. 
|K}i;^ Coinpar^ his description with Mr Conybe^ 

Txans, 



more singular in this instanoe^ as three idlerb^ 
tions of the flinty-slafte with the greenstone are 
constantly before the eye of the observer.-i-ita 
GoNYBEARE has inferred^ with great pmbal>ifi- 
ty, that it is the altered slate-clay of the Has 
formation, and I found it closely assDckted m 
characters with r^o& variety of slate-clay, which 
is found below the first range of columns at 
Fairhead. There, and at Portmsh and the 
Skerries, the large-grained greenstone, consist- 
ing of felspar and augite, is closely associated 
with it in unstratified masses to which the slate 
is conformable*. The shells arc ammonites, 
and present that variety of appearance winch 

we 



Trans^ vol. in. 215. as an example of two c^the most oppo- 
site accounts of the same rock. After spending two days 
at Portrush and the Skerries^ I could not find one instance 
of the transition into trap which Dr Richardson mentions. 
Mr Conybeare has traced its true relations. 

* In Cruachan^ Rasay^ Shiant^ Sky, &c. Dr MacCulloch 
found beds of flinty-slate altered by their contact with trap> 
and infers that they are common day^slatt and shak hai^ 
dened.«i-GeoL Trans, m. 99* 
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^tve Al>uld teacpect from the agdcKry of heat. 
While wHkt we pretty well defined, others form 
u close maoft with the slate, and pass into every 
variety of Ubnding, till at last they become vi- 
sible o«ly by slight vestiges. The rock in 
which they lie also presents considerable varie- 
ties of ioduratioii, and in many places passes in« 
to very thin layers. Appearances of this kind 
are entineiy irreconcileable with an aqueous de^^ 
posit. In shells never altered by heat, as in 
chalk beds, the forms should be preserved in all 
their sharpness, for a chemical action cannot be 
admitted without entirely dissolving them. 
Heat idone can produce that unequal consolida- 
tion of the slate, that separation of thick and 
thin layers, and those attempts to alter without 
completely obliterating the form of the shell, 
which we ideie exemplified atPortrushso evident- 
ly, that no part of the Gbbe presents more de^ 
cisive marks of its action. 



14. The existence of water in basalt, often 
occupying small cavities in its substance, w^ 

long 
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long adduced as a proof of its origin^ tiU the 
agency of a compressing force to retain it was 
established by experiment. But, since lavas do 
not contain water, it may be inferred that this 
difference between them and basalt, tends to 
another proof of the above principles. For lava 
is erupted in the air, and spreads in thin sheets 
over the soil, without a sufficient mass to retain 
in its substance highly condensed steam. Ba- 
salt, on the other band, has flowed below the 
bed of the sea, of which the pressure would be 
effectual in retaining water when heated. We 
should therefore expect, a priori, to find water 
in basalt, and none in the lavas of our present 
volcanoes. 



15. Werner has observed, that the basis of 
gmygdaloidal traps is the coarsest part of the 
precipitation, and that the vesicles have been 
filled by the remaining solution, or by a filtrat- 
ing fluid, which contained a finer solution *. — 

If, 



* Jameson's Geognosy^ p. 48« 
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I^ for reasons already given, we withdraw from 
this passage the ideas of solution, and of a fil« 
trating fluid, of which we have no evidence^ 
we find an exact conformity with observations *• 
The tables of the analysis of minerals exhibit 
no substance enclosed in basalt, which possesses 
elements different from those contained in most 
varieties of that rock. • • • • This is an additional 
reason for believing in the formation of these 
inclosed masses of calcareous spar, zeolites^ 
&c. f from the substance of the rock itself, as 
Werner has supposed. It does npt indeed 
afford a proof of aqueous origin, but it offers 
no obstacle to an igneous formation. And 
when it is confirmed by the experiments before 
mentioned, of the formation of such substances 
in a comparatively short time, and at the pre- 
sent 



* See the observations given on Crystallization, t^ove, 
under the Primary Rocks. 

t Dr MacCulloch has traced the transition from mesotype 
through chalcedony to chert— GeoL Trans. voL m. 87 
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sent day, we have all the evidence which 9ir€h 
an appearance can afford *. 



I have now collected all the evidence 
which the observations of others and my "own 
have made me acquainted with. The concloskm 
at which we have arrived, has been indeed drawn 
for nearly half a century, but from evidencre se 
imperfect, that it could never command univer- 
sal assent f • Even yet the proofs xns^ not be 
considered complete by all. As the pra^^ress d£ 
discovery advances, more may be brought for- 
ward; 



* De Imc junior lately maintains anew> that the aystak 
of all lavas are previously formed^ and infusible in it They 
should^ then^ be worn on the edges or angles^ and not well 
defined^ as we see them.— *(Joum. of Science^ No. 3. 158.) ^ 

t By the Rev. Mr Hamilton, and others. See St Food's 
Travels in Scotland, 2 vols. 1798, where every stone is call- 
ed a lava. But the distinctions between lavas and basalts, 
as well as thdbr similarity, cannot be traced too accurately; 
and soooto of them have been widoubtedlj mnitted^ from 
the influence of hypothesis. 
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wzrdy and of Uus progress we are never to des- 
pair. The jQhkf proo& of origin upon which 
the miod ma^ rest are^ colour, structure, and 
the appearances of whin-dykes, shells, and wood- 
coal. FbMtioa offeirs another evidence of the 
stroog^sjt: kind. The general conclusion is, that 
nature offiexs to our view, three kinds of un- 
stratified rteki^ granite, basalt and lava ; that 
these have had their origin at different aeras; 
that each is associated with a peculiar class of 
phaenpoacina, and that one common structure be-i^ 
lon^toalL 



The rocks denominated Transition and Se- 
condary in the System of Werner, have been 
long observed to connect, by insensible grada- 
tions, with the more primary strata. In theitt 
the mechanical aspect, or the deposit in a state 
of soft mud, has never been doubted, excepting 
in a few c»M»*. In this outline it is not at 

present 



* It Is remarkable^ that as inferences of mechanical ap- 
pearances haye increased in the primary rocks^ the tenden- 



90S 

present necessity -to treat of them at lehgtlu 
The origin of the greater number of them from 
the degradation of more primary strata, ha» 
been generally admitted, and forms one of the 
bases of the Wemerian arrangement, where Ihe 
ancient liquid which dissolved the land, is svtp* 
posed to have lost by sbw degrees its chemical 
powers, and acted only as a mechanical agent. 
With the exceptions of coal, rock-salt, and shells, 
we find no subtances in the secondary which do 
not exist in the primary strata *• Felspar, the 
principal constituent of granite, is presented in 
compact felspar rock, * in secondary porphyries, 
clay-slates, and grey wackes, in various states of 

conuninution 



cy of the disciples of Wemer has been to increase the niim« 
ber of chemically precipitated rocks; and thus conglcune* 
rates^ sandstones^ and grey-wackes, have been all represent* 
ed as chemical deposits. 

Professor Jameson (Geognosy, 39.) terms a sandstone 
with a quartz cement or basis, a rock portly of mechanical, 
partly of chemical formation. 

* These three deposits are related obviously to arrange* 
mentt different from those of the older strata. 
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commiiuition and coMolidaiMOt In sandstono 
the quarts of granite i^peart again over exten- 
sive tta6tt« The secotidKry liniestoiies mi^ 
have derived tbeir otighi Bccm the todss^of the 
iame matertal which e^ttd in the ^fst maMtti 
of land« Gy^finim ib foudd 0Gc«i)^yilig b«d»^ of 
considerable extent in the Alfm^ M 'wdl Mttt^ 
ranged with clay among the uppermost of the 

rtrata ♦. Where chalk dceuffi, it gives risie ttr 
It viery extended and fiat c6ulitty, like itrach of 

• • • « • • 

the isoiith of England, and patt of l^i^atice j' an^ 
from the remains which if encloses, it appears 
most probable, that it is itself, along with them^ 
a deposit from the oeea^ 

AU these secondargh stratja ficirm far lar^ 
tracts thaft the primafry; and the most fertile 
and ctihivated soils are found in them, and Iri 

basaltic countries. T^ey do not rise so high 
on the mountains as the older stcata } hut the 

.0 extent 






t . 



Alpe^ neitf the VidJey of Gogil& It dA> oocars at the bot« 
torn of St Gothard. (Dr Thomaon's CheniistOr, 1817> iH 
§66.) Brochant caUa diis gyptum Transition* 
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extent of the surface which they cover^ gires 
•rise to a more hoiixootal arrangement of their 
bedsy than is generally seen in the latter rocks. 
They are also more numerous in their varieties^ 
and subdivisions ; for^ in deposits continued 
over larger sur&ces, a greater variety of aspect 
oaoight be supposed to arise *m 

la 

* Jameflon has caojectaiei, that ft^Mor and rlmfcrtam* 
«re nearly allied ; and from observatioaa in Amn, Dimw 
friesshire^ and the yicinitjr of. Edinburgh, tliat dinkstone- 
porphjnry passes into compact fdsfiar and daystoiieu (Wenu 
Thms. I. S45.) 

Dr MacCullodi has wnttm eitenrivdy on gtcj^mtAM, 
and thinks it impossible to draw any exact line belween it 
and mica-slate. (Grey^wacka consists of altered fragments 
and grains of different rocks, in a cement or basis cf clay« 
slate.) He thinks it probable that it will be fimnd alter- 
nating with micapslate.^— (Greol. Trans, ii. 417* 444. and 
vol. III. 36.) The Moume Mountains in Irdand, seem to 
be distinguished from the Grampians of Scotland, by ha« 
having grey-wacke instead of mic»«slate above granite#-« 
(Dr Berger, in. 123.) Jameson has traced in die Pendands 
shematMins of grey^wadEe and secondary day-slale (Went. 
Tr. II. 184.), and so has Mr Homer in Somersetshk^ (GtoL 
Tr. HI. S44.) 

Dr 
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'■: In ^uch a fluid as is supposed to have kt 
fall the primary strata, the disturbances which 
ensued woidd he ^ujScient. to break into fragr 

meats 



- -- ' 



Dr MacCulloch's numerous observations destroy all idea 
of any line of distinction between primary and tranricioll 
rocks, all ferming a graduating series of (me single. fono^ 
tion. 

In limestone, tbent are no less singular anomalies to iha 
Wemerian accounts. Dr MacCullodi has described (vdl, 
m. 39.) the marble of KUlbride in Sky, as placed between 
ri^^ular beds on Ime hand, a&d sn irregular sur&ce of u»« 
stratified syenite on the other. It is often divided into, itt« 
Sular.portioiiB, aomundsd bysyenkei and then loses dft 
aemUance of stratification. Thou^ its .hardness is.vei^ 
yariiUe, (110.) yet its aspect is quite primary and .graaoh 
lar; pure in nature, excepting where it is in contact with 
the syenite, cr with trap vdni^ when it is overload^ with 
silex, magnesia, and argiBa. Hills entrap surmpi^ ft; 

At Sleat, in Sky, a bed of shell-limestone is included b^ 
tween two beds of quartz-rock, which akemate with mic»* 
/date. In the same island, quartz-rock alternates with blue 
HmesttMie and red sandstone, (iii. 81.) 

An these, and other aiqpearances discovered by the same 
teciellent observe, are entirely hostile to the Wemerian foTN 
ligations. No explanation of them has hitherto been pn»v 
posed. o 2 
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Mcnts and disintiegrate portiom of rocks tewly 
formed, or in the act of depositing. Bieccias 
and conglomerated recta of rdled pieces miglit 
thus have their origin ; and the same beds, as 
in the primary strata^ be repeated in suQi^essiye 
alternations. Lpwer and lower levels in the 
outgoings of the strata would fbUoWi 9X^ shei>f7 
us how closely one principle has acted iq |^r 
ving rise to all the strata of the earth. 

■ - - • * " 

" We frequently, (says Jameson,) observe 
^' 11^ the same mountain, beds composed in 
y small grains alternating with thps^ in large 
^* grains > but we rarely £p4 such ^aa ^ftteraa^ 
^ t4on in the same bed ; on the c<»ttary, the 
^ lowest part of the bed contains the lai^cst, 
*^ and' the upper part the smallest grains ; 
V hence such an alternation of beds as that we 
** have just described, is not to be considered 
^ ds contrary to the laws of hydrostatics* as has 
'** been asserted by some'**'* 



The 



' ' ' ' ■■■■■II M» M ■ I p < ■! m a I ■»— ^n^nw 



• Geognosy, p. 156. 
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Tte aj^pearance of shells in all these strata 
has given rise to a branch of Geology whieh 
has now advanced farther towards perfection 
ihim any other ps»rt of tiie science. Wernei. 
first discriminated diSercnt formations by the 
petrifactions which they contain ; and gave the 
name o£ transkion to those strata, in which^ aet 
cording to him, they first begin to appear. Ill 
England and France, this sabject, however^ hap 
been studied with fiir greater attention and mi« 
nnteness of research, than in Germany. Mk 
3>iiiiTHy the author of the geological map of 
England, was the first to ascertain, in Great 
Britain, the fossils peculiar to each bed. ; and, 
at the same time, unconscious of Werner's 
theory of formations, to discover the donst^oqr 
in the order of position and continuity of th^ 
secondary strata. The identity of the English 
and French strata has been since made evident. 
Atid those formations which have been, with 
jpropnety, termed Independent^ because they oc- 
cupy only particular spots approaching to a ba- 
sin 
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sin or hollow form, having been correctly de^ 
scribed, a coincidence has been established be- 
tween those <^f London, Paris, and the Isle of 

Wight f, 

Mr Parkinson concludes theteccmd vo^ 

!ume of his excellent work on the Organic R«« 
mains of a Former World, bj a series of infe- 
rences well drawn from the &cts observed. He 
is of opinion, that the shells and corals, have not 
been transported, but have lived and died io 
the spots where they are now found, and which 
constituted the ancient bed of the sea ; tbat^ 
while many kinds existed feonerly, which.we 
do not find now on our present diores, yet no 
line of separation is drawn between the creatioii 
of extinct and existing species ; the former bcr 
ing, in many strata, found along with the lat-* 
ter J and that, from the delicate structure of 

many 



% By Mr Wsbster, (Gepl. Trans, ii. l6l.), -whose d^ 
Mriptions connect with those of MM. Cuvier and Brong* 
NiAAT^ in the environs of Paris — (See a general view ijt 
their discoveries by Professor Jameson, p. 295. dd edition.} 
i*-Mr Parkinson^ in GeoL Trans, i. S24. 
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many of tliem, compared with the little injuxj 
which they have sustained, their solidification 
was effected, in several instances, before the 
waters had removed from them *• 

Thus in the times -that are past, we find 
that Natur^, true to her unity of open^on, hat 
acted as at the present day. No blaids: ap- 
pears,— -no space without existence, by which^ 
like HuTTON, we could inftr that the present 
land had existed as part of a world more an- 
cient than the primary strata. When it i^ con« 
sidered how rapidly many species of shell-fish 
propagate their kinds, £irther observations may 
enable us to connect tbe appearances which 

their 



■ "i 

* Beds of freflh^water sfafiUs lunring been finindbdlefi^ 
and above those (^marine ahdlsibjrMM.CuvieraiidBrQiig* 
niart, in llie vieiiiity of Paris^ it has been shewn by M. Ben- 
dant, from experiments, Aat ahdl fidi> of aevenl firedi-watear 
kindsy may be habituated to i^t-water, but that others Te« 
ost it Observations also shew, thiat oysters and masdes 
often {HTooeed pretty high up in riyers.^-Cuviet^s Analyrii 
4^* the Labours of the Institute of Fnmoe for 1816, m Thouiii 
ipon's Annals, voL z* ji. 149^ 



time^ 1^, tr^e9 Fd^ttoim ^woen lbs wteot of 
the strata of jhftlW ^aA thMC mftuil chrano- 
im^te$a whjcb v^. fiod.ia the qwantify af debris 
awiui(l tJtifB^ piecipieiw. of tile XTO 

Qua th^. subjef^ ^^ft agaia find a maadK. <if 
.(fpr|ei|)a«de9^ fejc^wcoo: the Imt wfiectocoi 
4rawi^ ffom pe^actloa^^ and th^ iden gmai 
abpye of t^ origin of tbf ^ata« Thexeliinii^ 
qi^J ^^^ gejK^fal fonoatioR of all ^ratififid tms^ 
Vk the yaiae josmaev^ only oae fcnrmalMt o£ 
liiM^ fowd alioog wit& tl^ni), ilHon^ be csr 



* The rolled masses bdowaLciifi^ or oudieaideafaiiil^ 
exhibit, by their quantity^ the action of a period of time hat 
§wnk aeeendingvto raj lemota aent: Tbai^ li Sa&ltary 
Cngf!^ (see Jamesan, iA Qivier^a Easoy^ S06L)H*€irfftar loa 
connected appearaaeeB of thiiB kind mtfa tfte estnift of aU 
kinal- land fanaedinif aoireral ooasts^ wiA dit qwMititj of 
aand which has sometimes orveibhmii coaaidcvaiUe teMl% 
and with the extatit of cobbI leefib Thea» shcw^ Aat na 
v»vy Icmg period of time baa elapaed; bntidbservationaLof 
this hind mvsthadwi^ i9«n>«kaftiai|iaBfac^ftnn Ai 
want of exact and remote historical'.e^denet^ 
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pectedL This is Mt FAaKiifSOK'ft CQDdiUiion ; 
and it appeair to be most ^omonant ta;^ thtj 
phseooBmia yet observed.*- No shell has y^t 
beca traced ia granite oj: trap i but beds of, 
limestone, containing shells, have been found 
resting on l>oth rocks \ , .' 

. * Oa no tfut^ |L«9e amit: |K)piil6r iiiilivs'. detcaated 

taxcmavi^ tht crganie maltavand sabalttaitK. im ita recaa 
liiaiefltoneoarfitiil. TheprdoeMb^vhkkthn^caiibeifiQnB^a^ 

0tosa^pt9BegA}nwfAfdg6^Mppsm 

^lees o£ imsy flpediiM»i»«h«ipF.ai». Ai^ paflir fiwi baiag a 

Iwrland mines, the: square wooden ^vnfes ase ^c^mpletdbf 
xnpregiated vith m cakarcoas atahctite. in dbout twcntjr 
years.. In those lydmiiis ^ pttrifed oaigfl<jroA idifch: Mie 
iwofoglit ftom Ik iiteid of Antigae^ we hure eften^ in fbur 
incheff sijpiave^ unchimged cocal al ene end^ mafL at tihe edHi 
4pMitaM3ryata]% the intsnnedjirta qpaoa bcJugoceopMdbf 
ffae yndetkm &ob. changing epfsal t^ cbaipty ehabedany 
<nin% snail droBies of qn^ite.«iystak)^.and qnasts. Nom^ 
jn iUs 'CBfe, magr it not he inferred^ fiwrn the analogy of 
■aany other examples^ diet had die pataiQpinf pi6ceisi|iei^ 
^sfew ehai^ it would hare gene on.paeCty uni&nn]^ 
^fiEidiin a fl|aoe so pudl if Aw^ ipd^ and aoi kaioe pee* 
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Though. carbon is said to be found ia lome 
traps, and though it has been discovered latdj 

occupyingb 



•ented tranakicms so rapid, as the passage fiopi chert to 
quarts ? Whereas a rapid alteration might be earily sup^ 
' posed to produce a npid tnuisitioa. 

Haying given some attention to this mAjetXi md csol« 
kctcd many specimens to illustrate it, I was pleasid t»i!od 
this view confinned by an inspection of perhaps the largest 
mass of petrified wood in the world. It isa mass of tibe lower 
part of the trunk <^ a tree^ lying a mile bdow Gromlm, in 
a stream which enters Lough Neagfa, about two miles ftom 
that village* The specimens of wood from Aat lake, and 
its stti^MMed petrifying quality, are well known: the late la- 
mented Mr Tennant found no silex in its waters; and se* 
veral appearances shew, that the altered woods had been 
formed at some previous 8era.-*-The sur£Eu:e of the mass al« 
luded to, is about five feet by six ; one-half is unchanged 
in texture, and will bum without fiame ; one-half is dian^ 
ged to flint of greater or less hardness, in the cavities and 
surfaces of which, druses of minute quartz-crystals appesR 
The separation betweai the changed and unsilidfied part is 
very gradually market}. Here, there is nothing in the po» 
sition of the mass, nor in its nature, which can explain the 
partiality of the process. The silicified parts are pretty 
equally distributed ^ough those th^t axe unalteared. Had 

4 



«ccap3ang^ ift tite fbnn of gn^pliifte or plumr 

I 

bago, the plfice of mica in n primgiy fihifitvis*, 
yet the chief reserroirs of it are lioiestone and 
the atmosphere* The proofs, of the origin of 
coal &om wood have heen fir^uently collected^ 
The existence of this substance along with a 
peculiar series of roQkSy in imUpendent formar 
lions, sanctions this idea of its origin f. But 
we find in coal the same principles nearly as in 
wood ; ther^ ^re mines wh^re the coal is conr 

stitutedf 



a fiHow change^ acting for ages, been the cause, the tvhok 
trunk would have been gradually affected. But in a rapid 
change, time might only be allowed to nlicify a part ; and 
«uch a rapid formatioa of siliceous matter hx t!^ vegetable 
structure can alone account for the appearance. The pile 
of Trajan's bridge over the Danube, said to be partly changed 
to agate, may be a slower formation ; but from all the pre- 
sent appevaAces, the deposit of flint or limestone in a sheH, 
a bpne, or a piece of wood, may be a deposit of the most 
rapid kind. 

> In 1816, near Beautey, in Inveme88-8hire.p«*The trot 
xdatioQs of carbon to trap are still uncertain* 

t Jameson's Oeognosy, p. ISQ* 
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stituted df akored trees^ vrith the wooKfy t^sttm 
itititmliflg^; impfemom of fems, raiA^ yadl 
etber ^aflfif»{)eculitf to woodd^ art ditcGnreitd in 
tke strata liear it, or. in tlie saacb^one wfaick 
<!€Vefti it ; atld parts oi its MbstMftfe pttfc into 
or penefnte the bitMruaoils shktir vfaidbL is 
always €OAMettd with it. The appfoad» 
which Rfo inade to coal by tte contaoiwi actum 
of watet on" vfocA in the lower strata of bo^ 
sbPengtl^ these ideas of the natvm4£ its fosf- 
mation f * 

Dr MacCulloca lias lately shewn, that 

heat of itself cannot conveit wood into coal ; 

■ ■ . . * ' '.. • . •• i • .• ' 

that in natural processes water ghanges it to 
bttume&,( aiid that jet may by heat be altered to 
coal. Im his expericbeote^ he blaoikfiliied day 

f^ wiflli 



T-r 



* As ia the oosl ci Borey, near Exeter. . . 

t See the account of the submarine forest ofi the &iaA 
ef Lincolnshire^ in Ph. Trans. 1799^ p- 145. and 1^ At' 
chettf s oUenratiens m the dhan^of someof dseprfneiples 
of vegetables info bkumen^ PhikMu Trans. lBQ4t, p. S67. In 
Geol. Trans, iii. 380. Mr Homer describes a submarine f<H 
:r^st on ^e river Parret^ in Somersetsbir^t 
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with jet, so as to produce an exact resemblanco 
to bituminous shistus"^. — It is not improbable 
that the presence of steam, aidei by compression, 
may produce at once that change from wood to 
coal, to which approaches are seen in the slower 
agencies 6f watiiif at the present day. 

■; •• .. :i ■ -ri'^ ■■■[ --■[: •■■'. ■■ ^ / ■ • ■ • . 
' J. . ' 'kii -J" 
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In the denser masses of the gbbe, the me- 
tallic bases of the earths may be thus inferred 
to exist, mingled with the other metals, some- 
times in a more compomid, sometimes in a purer 
state. The presence of water gives rise to a 
new state of things. Ignited masses of earthy 
minerals are formed, which we have already 
spoken of as being chiefly granitic. The gene- 
ral form of our islands, primary mountains, and 
volcanic hills, exhibits more or less of that co- 
nical aspect in which these masses were thrown 
up"^. That water was previously present, is 
concluded from its being found in all the rocks, 
from the figure of the Earth, and from all that 

has 



* Most writers remark the conical aspect of granite and 
polfphyiy mountains. Periuqps the finest view of tiiis kind 
in Sootlan^ is that of Ben Nevisy from near Achnacngab 
b MiiU> at a distance of fixrQr miles from the moontatn* 
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h&s been said of the mechanical nature of thie 
strata"^ • Its steam may assist in elevating these, 
or more probably, this original formation may 
be owing to the expansion of the solid matjerials 
of the globe from their combination with its 
oxygen, and the consequent pressure produced 
on some points of a level and semifluid surfSu^e* 
As the pyramidal and heated masses rose above 
the waves to a gigantic altitude of many miles^ 
they would be subject to an immediate and 
most rapid degradation. The waters around 
them, more fluid from the heat, and more 
active from the currents which propagate ca« 
lorlc in all warm liquids, would receive the im* 
mense debris. The largest fragments of felspar 
and quartz would be first produced, and soonest 
consolidated. As the degradation became lest 
rapid, quartz and mica, with less felspar, would 

form 



* That the water was salt^ like that of our present 
oceans, mi^be inferred with acttnte probability from the nu« 
nerous experiments of Sir H. Davy, wfaii^ by tfaft Voltato 
j)(Ction» found minute quantities of soda in a great variety ef 
tnineral8.*-Philo8. Trans. 1807* p» 10. 



224 

fima tbe newer layers of gneiss. Where tix 
jBSca tdl moR skywlj, fliica-«bte strata would 
be deposited. Grains of quartz would accu- 
mnlate into quartz*rock *• The finer particles 
cf fidqiar, of a day aspect, would piccipitate ia 
daj-^Iate. Where a greater heat acted, crys- 
iab of felspar would form in the basis^ »id pro* 
done porphyries f. AU these strata, deposited 
isnf abping sides of the granitic pyramids, would 
jnoeire their consolidation in that position, and 
their mantling shapes and hendings would £cd- 
low from the inequalities of the sur&ce on 
which they rested. The heavings <^ the fused 
4BDass below, and the heat which it would pre- 
aerve, would give rise, in some cases, to new 
disturbances of the layers already deposited; 

in 



* It is in the chain of the Oimds that the materials of 
gvanite have been difltribiited on the gfeatest aode. TIkr; 
one entire mountain ia of quartz^ ^n ^t h ^ of tak^ « third of 
felspar. — ^Pink. Petralogy, 1. 148. 

f Many porphyiies appear to hare been finnaied ia this 
way : many completriy fttsed ; as ia the instance of yeiia 
of porphyry traversing grttnte. 
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in others, the strata depositing next the granite, 
being heated, would, from the expulsion of their 
water, contract and open in fissures, through the 
ramifications of which the melted granite rising, 
would present the irruption of veins in the shis* 
tus *. In the state of a wet or heated paste, 
other masses might, from compression, assume 
the waving aspect. 

These operations, carried on under the wa- 
ters, would be increased by the rapid disinte- 
gration of these slaty rocks, as they were form- 
ing. Finer and finer particles would thus be 
attained, and be carried to greater and greater 
distances from their original source : Just as 

the 



* This explanation connects the presence of the granitic 
veins with the cause of the fissures ; a circumstance which 
I am not aware of having been before observed. It also 
distinguishes granite veins, which are often branched so 
minutely, and have risen up through strata when deposit^ 
ing^ in consequence of fissures made in this mode, (See 
above, p. 118.), from whin-dykes, where the greenstone 
has been elevated through fissures that are unbranched 
and made in strata which had been previously consolidated^ 
or arranged. 
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the outgoings of the strata of day-slate are nmre 
extensive than those of mica-slate ; of niica« 
slate than gneiss. From the disintegration of 
porphyry and limestone, and the longer suspen- 
sion and easier degradation of the last rock, 
xnany of the secondary strata would gradually 
fall down. The general direction of aU the 
strata, excepting those immediately enveloping 
the granite nuclei, would follow from the im- 
pulse given by the waters to the matter which 
they contained, by the action of a general mo^ 
tion of the waters, connected with the lou.ran 
of the Globe. — As the cooling of the central 
mass must go on more slowly from the nature 
of the envelopes thus produced, a provision 
would arise for subsequent disturbances, for the 
origin.of basalt in many places above the newest 
strata, and for its propulsion upwards in dykes, in 
consequence of its expansion when fused. Those 
parts where the ignition had continued longest, 
might at a later aera discharge their basalt and 
greenstone rocks, and thus present the last change 
which many countries have undergone from the 
dominion of fire. In the spots where it still 

lingered^ 
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imgerc!^ ^ wheif 1^*e vm9 a more reader iw<^ 
ce^ of inter to tte i0ieta]|Uic isracleus, our preseiik 
VdcMoet .would form tbeir p^>d^cts, either tn 
the air or tielow jl^ ;W»V!^ force their wiqt 
through be43 of porphyry |iti4 liiniestone, rai«e 
^eir regular cones, ^nit tbeir streams and dykes 
of lava, and present U3f after ifit^nrals of repose, 
teith dperations cmisidentkly analogous to those 
cf a more gigantic %inAf which had raised thP 
larger masses of contint^ntai and insular land. 



r.7hen we tread, at the present day, the 
inmniits of primary mountains of the first order, 
^he sentiment of solitude which fills, and the 
expanse of the prospect which arrests the soul, 
gradually give way to the particular examina. 
tion of the scene. Here is the true theatse of ' 
^he Science, the fountain of sublime specula- 
tions, the connexion of life and mind with gi*and 
imagery and impressive views. We stand on 
peaks of granite, emerging from a dense con^ 
or on loose blocks piled up in pyramids on the 
^ge of tremendoiM precipices. All around are 

p 2 ruins. 



hiins. The quartz, which has i^AialneS aft^r 
the decomposition of the felspar, exhibits^ in 
large grains at our feet, the oldest and most in- 
destructible substance of our world, and recalls 
us to the shores of the ocean, where it is equally 
'abundant, after sarviying every change of 
• place *. The larger masses of rock pioclaim 
their descent from a greater elevation ; or assume, 
on level and desart plains^ the direetion in* which 
they had been left by the last wave which pass- 
ed over them f . The waters have indeed pass- 
ed, but have left every where the marks of 
their overwhelming power.^ In the distant 

* ocean, 



* Mr Jameson (Wem. Trans; i. 109.) asks^ '' Is it pro- 
bable that quartz will be found to be the oldest rock of the 
crust of the Earth ?" The consideration of its occurring in 
every situation^ answers this query : in this respect, quartz 
IS peculiar among minerals. 

t The nu>untain Benybourd^ in the Forest of Avon 
(4000 feet), and those larger masses near it, Ben^Avon, Ben 
MacDhui (4300 feet), have several sqiiare miles of fct 
summits, where all the granite slabs have tikeii postfioAs 
from tlie action of water. 
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• ocean, ofit^i diminished to a silvery line^ we de- 
scry the womb of our continents, and perhaps 
their gra^^ '^. A multitude of pyramids ap- 
pears to range over a vast plain in no certain or- 
der f , often losing their summits in thick massfss 
of clouds, and often presenting facades of rock, 
which are resplendent in the sun-beams. We 
observ-e, that on the w^est they ^j:end with a 
gentler slope, and that their eastern and norl;h- 
eastem sides . frequently contain perpendicular 
precipices of great elevation J. As they dimi- 
nish in height, or fall away gradually or more 
suddenly into level traAs which extend to the 
sea, we are led to thp ponsider^tion of the val- 
leys. 



* Milton^ of Chaos^ Par. Lost^ n. 91I. 

t This is the general nature of the view^ as it hat ap- 
peared to many observers in alpine tracts;— to Saussure and 
others. 

» ■ 

X Confixmed by many observations. Patrin has noticed 
tiie eastern precipices of the Dauiian mountains. See Ba* 
mond's Travels in the Pyrenees^ (p. 10.)^ virhere an eastfern 
direction is also seen* 
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ley$, and of the riven which tmvcfie tbem *» 
These present generally marks of a great rq;iibi- 
lity in their development f • Aj we begin \x> 
iniftc them, from the pore riH which lisei at our 
ftety fed ofilj by the tsuu or themdting sfiowa^ 
we obieirve the first ravines oocnpied by water, 
and crowded with masses of rock. ThcKstreams, 
as they descend into glens of considerable iiicli- 
vationi in courses waving in the detail, bat 

straight 



* That valleys have beclki formed by the aetkn of | wm« 
tar, is a truth so obrioiu^ diat k is remaikable t» find diat 
it had ever been doubted. The principles of meduBiical 
dqposity and consequent softness^ and gradual, hardening^ 
afford every explanation of the formation of the great val- 
leys^ where every hill bears marks of the action of Water. 
In a low and flat tracts the present streams are soCcient to 
penetrate their course; never in a higher country. 

t The valleys of the Alps are either langftnSnal or 
transverse: in Jura, most are longitudinal; in die Pyre- 
nees^ ihey dre nearly at right angles to the mountain masses. 
Se^ J6um. des MineSi N^ 136. — ^In Devonshire, Di^ Beiger 
ibnfid all the valleys similar^ and perpendicular to Ihs mauhi 
tai]^-plain of Dartmoor Forest^ whence Ihey descendw^b^SeoL 
Trans, i. 118. 
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straight in the gcnt^ral direction, are borderod 
with the debris of the mountains around ; and 
the Aop^ of ;tbese mountains are often entirely 
covered with it We observe, immediately, 
that the masses of rock, which bear evldedit 
marks of having been worn down by water, ate 
too large to have been put in motion by the 
present sWesuns, and that indeed the largest d^ 
bris is never seen beyond the higher and miiMb 
elevated parts of the valleys *. When we fol- 
low the river, we find in these alpine vaUeys, 

no 



* Saussure vas among the first to make this remark, 
^hich is so evident from all observations : ^ It is an ml* 
portant observation for the theory of the earthy that in the 
upper parts of valleys^ surromided with high mountains, no 
rolled pebbles^ foreign to the valley itself in which they are 
met with, are discovered ; those observed, are all spoils of 
the adjoining mountains. In the plains, ,on the contrary, 
^nd at the openings of valleys which adjoin the plains, and 
even some way \xp the sides of the mountains which bor» 
der on these plains, pebbles and blocks are found, which 
might be said to have fallen from the heavens, so different 
in theu* nature are tbey from every thing found in the mvi* 
rpns."— § 7J7. 
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na rolled stones which are not the spoils of the 
surrounding cli&. These cliffs often rise vdtb 
mural precipices, sharp peaks, and rugged scar^ 
. which strike the eye at a great distance, and al- 
low us to distinguish the nature of the mountain 
from its aspect in the landscape. As we gradu- 
ally emerge from these rocky walls, the sbpes be^ 
come gentler, the openings wider, and the de- 
bris more varied. The valleys, now leaving the 
mantle-shaped strata^ are sometimes parallel to 
the beds of rock, and sometimes cross them, the 
former being generally the deepest. Large 
blocks of stone still continue to appear on theic 
sides, of a size by far too great to have been 
ever put in motion by the present streams, and 
often placed at a distance from their present 
banks *, but bearing the deep- worn impressions 

of 



* All observers have traced marks of two debacles in 
every valley ;— one, from the effects of a krger stream than 
now rolls in it ; the other from the present river.... Amongst 
many appearances of this kind in Scotland^ the blodts in 
the course of Glen Dochart, above Killin^ are among the 
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t>f the currents which have channelled them, or 
of the rocks which, resting upon them, have 
scooped circular depressions in their substance. 
The rivers continue to roll forward, often 
through openings which wideii and contract 
without any apparent order ; their waters some- 
times expand into lakes, and indicate periods 
when the outlets of the valley, often narrowed, 
stood at a higher level than in the present day * ; 
sometimes approaching suddenly to narrow pas< 
sages in the rocks, they descend in cataracts. 
When they reach the low country^ the debris 
diminishes in size ; and when a tract approach- 
ing nearly to a l^vel plai^i is entered on, they as- 
sume 



most perfect examples.— 'The alluvial terraces often seen in 
the courses of rivers^ are either referable to the larger stream, 
or to the presence of ancient lakes. See Jameson^ (Wem. 
Trans. voL ii. 1818^ p. 620. notej, who mentions his not 
having met with any of these terraces high up on the sidea 
of the valleys of the Grampians. 

* Dr MacCulloch has lately published his examination 
pf Glen Roy^ distinguished by the minuteness and deamesa 
wbich give value to all his accounts of geological phaeno^^ 
fnena.'— Geol. Trans. vpL iv. 
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some meandering aspects, in cunrea £ut mcm^ 
prolonged than when they rolled amid the high- 
er tracts of the mountains *• Frequently liven 
traverse plains of this kind for hundreds of milisi^ 
amid horizontal strata of clay and sand, withoul 
a pehbk or a rock in their course, till, like tb$ 
Ganges or the Orinoco f , they colour to a gceal 

distancQ' 
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* Themeandarvofriversocnmieiioeintfaeaiiidy p^^ 
of the mountainsy and are dependent for their munbfr mi 
size entirely on the indinatiixi of the valleys Aioi^b wliidi 
they flow. The changes of the Ganges, described by Ma« 
jor Renndl^ are seen in miniature on a sea^beadi of pure 
eand^ in the channels formed by small streams at the dbtn 
ing of the tide. 

t See Staunton's Embassy^ for an account of the mud 
of the Yellow River^ and its entrance intotfaeSeaof Chm8.«-i4 
It was fVom the alteration of colour in the sea, thpt Cofamw 
bus^ in his third vo3rage^ inferred his approach to the South 
American continent^ before he came in sight of [the low 
land at the mouth of the Orinoco. Dr Nugent (GeoL 
Tcans. i. 7^0 expresses his belief in the rivers Orinoco and 
Amazons having formed all the line of coast, and great ex- 
tent of country^ between their extreme branches. See also 
Lochead's Observations on Guiana, £din. Trans, vol. nr. 
p. '50. for some interesting details on this subject* 
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diitaoce the. waves of the oceati with the iioN 
mtast quajttities of finely dirided matter which 
the x^^fi/Htj of thdr motion enables them to rc^ 
tai^ 

What fioblev enjoyment arises in the min4 
than tb awaken it to these views I What mora 
^Bghtful task, than to trace, in all the arrange* 
xnents, the sore marks oi a First Cause, actinia 
by regular laws, bringing order imd utility out 
of the apparent elements of chance and confu« 
sion, connecting the pr^ipice of the mountain^ 
and the wave of the ocean, in one mutual depen* 
dence, and rendering the whole subservient to 
the existence of that quantity of life and enjoy- 
ment, for which all has b^en contrived ! 

We trace, on the sides of the mountains^ 
the ascending vapours,, and view them conden-* 
sing in dews and rains, or falling in the evenings, 
to rest as mists in the deep valleys ♦. We ad- 
mire 



* A higfa moanUim tract afibrds ihft finest e»fiinplific»» 
tions of Dr Hutton's sdmiiable theory of rain, from liienieeC« 
|ng of cimren^ of ii^ of diSecent tmpeMinwb In aone 
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mire that perpetual circulation of water oa out 
world, which connects the minutest dxop that 
descends, with the fertilisation of the kuid9.aiid 
the immensitj of the ocean. We endeavour-to 
explore, by the direction of the clouds^ the mo- 
tions of the currents of air which constant!] 
blow over these elevated tracts. We search 
the summits and the ravines for those rare plantfl^ 
full of gracefulness and beauty, which alone arf; 
able to sustain the lowness of the temperature, 
and which have never descended into the plains*. 
Iq the dispersioa of others, and tl^e heights at 

whicl^ 



cases^ the vapour is precipitated so rapidly, diat the most 
extended prospects are obscured almost instantaneonslj. 
The dense sea of y apour which then surrounds the ohserrer, 
concealii]ig or displaying the peaks and predpioes near him^ 
gives rise to very noble scenes. 

* Dr Wahlenberg has given a most interesting view of 
the gradual decay of vegetation, on ascending the T^«|J#»y^ 
Alps, tracing the plants minutely. See lanmeuflT Lsdiesis 
Lapponica, by Sadih, voL ii. p. 272. — S82. See Hnmboldf t 
late memoirs; and interesting detaib by Mixbel^ ii| Jouigal 
^ Science, N« 3. 35. 
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which soine grow *, we find traces of the moai^ 

tarns having afforded the origin of the vegetable 
rtribesy as they have given rise, by their disinte- 
gration^ to all the low land.-— -Yet all these, and 

other pursuits, fade in interest before the sub- 
. jime scenes and conclusions of Geology. Here 
- we have only to lament deeply, that in a scienee 
: which will soon rank, among the noblest employ- 
rments of the mind, we as yet trace imperfectly 

all the laws which have arranged that world 

which 



■ »■- ' t - ^^m^^im^^- 



* Willdenow has examined this subject with consider^ 
able diligence; but observations are as yet incomplete^ 
(Principles of Botany, 2d edit 1811, § S54. § 376.) Pri-i 
mary mountidns are the richest in plants. Great Britain 
lias the Flora of the North of Europe, Norway, Sweden, 
•and Lapland; but the mountains of Scotlipid exhibit in 
.dieir j^lants a closer connection with Norway, than those 
of England ; and in Cornwall, many plants of the Pyre- 
nees are observed. This subject coniiects botany inti- 
'mately with Geology^-— Humboldt's reseaO^es oh this 
'head' are extensive, (''tableau Physique; Memoir (m]Iso^ 
thermal Lines, Sfc.) He has s^ewn how to determine, a 
priori; from the plants and the latitude, the height of the 
flMmntain ranges 'of eentral Asia. See his tables, m Dr 
Thomson's Annals, vol. vii. 38^. 
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iRrhich has been bettowed en man. The vem- 
kitionat the seraa, the destroying and aeating 
powers^ the awful and sublime appearances; 
operations not momentary, but acting ontjie 
greatest masses, and for ages, eqaallj in the 
grand and the minute, forming a coontrf, tx 
wearing down the rocks of a waterfall ; tlie pse- 
servation of life amid such scenes ; all recall tiie 
lines of one <^ the sublimest of Bards^ wheft 
viewing a most impressive Alpine spot : 

Pnetentiorem oongpidmns Deum 
Per invias rupes^ fera per juga, 
Qivosque praeniptoe, sonantes 

Inter aquas^ nexoorumque noctem *• 



The great masses of alpine land appear thm 
to have been formed in separate clusters, and im^- 
mediately and rapidly disintegrated. The idea 
of all the great chains of mountains proceeding 

from 



* Gray, Ode written at the Owdd CSbartreiu^ near 
Grenoble, 
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from N. to S., which was long a &yourite spe- 

eaktion t}f some geologists, has not been con« 

firmed bjr careful examination ; distinct traces 

of it appear otAj in some ranges. The first ele- 

vations^ whence the rest of the land was form* 

ed, seem, as far as has been yet obserred, fre^* 

quently to surromid each other, without any 

precise order, exactly as we nught suppose from 

l^e action of that power which elevated thenu 

The size of the original mountains may, in 

tnany cases, be inferred from the extent of the 

territory connected with them. Thus, in Asia, 

the central land of the Himmalay and Tibe- 

tian mountains has been lately shewn to be the 

highest on the globe ; and Asia is the most 

continuous of the continents. From volcanic 

chains, like those of the Andes, the same infe- 

rcince cannot be drawn with propriety.— We 

do not observe any definite relation between the 

height of mountains, and their distance from 

the equator. The Alps are in lat. 45^. ; but 

Moimt St Elias, on the N. W. coast of Ameri* 

ca, in the sixtieth parallel, has been estimated 

at upwards of 12,000 feet in altitude. More 

appears 



% 
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appears to depend upon the nature of the rociqp 
the quantity of its degradation, and the aera of 
its origin, than upon the relative position of the 
mountain on the surface of the globe. 

Volcanoes have been too much enlarged in 
importance by some writers, and too greatly dir i 
minished by others. They must always supply 
one of the noblest fields of the study of the 
globe. Though nearly two hundred are more 
or less active at present, yet, exciting in 
South America, the space which they occupy^ 
is not very great, when compared to the sur&ce 
of the world. When better criterions of mine- 
rals are established, it will form aa interesting - 

i 

branch of Geology, to determine what countries 

V, 

owe their origin to volcanic fires which have J 
acted in our atmosphere, and what tracts have 
been entirely raised from the deep by. their 
power*. 

The I 

* Buffon^ and other writers^ deny all stntificatiai in 
volcanic districts. Kirwan^ (Greol. Essays^ 265.)^ who is of 
opinion that Vesuvius and Etna have not formed their own 
cones^ and who acknowledges the conical shape of many 
granite and porphyry mountains, gives regular series oC 
volcanic strata. 
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■ %. . ^he necessity of a minute examination of 

ip^every jdistrict, is no where more evident, than 

^ when we consider the quantity of transported 

, J rocksy wliicfa are found in many countries. This 

; subject forms a part of all theories. So great 

has been the degradation, that comparatively 
* but few tracts exhibit large continuous masses 

of granite at the present day^. The first de- 

*baole, we have traced, fiot to an accidental or 

A . anr^aknown cause, but to"^ a necessary part of 

. ^-the :^mation of the world f. In many coun- 

>.trie3, and at a distance from their mountains, 

extended plains are oftda crowded with large 
► jWocksM stone ; thus tig s^idy tracts of Pome - 

^rania a^ Fn^sia, onlcliyfe south side of the Bal- 
^ tic, contain numerous masses of granite scatter- 
1; #/ ed 
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* This was observed by Dr Hutton^ (Illustrations^ 305.) 
though hfi^ve to granite perhaps too small an extent. 

f Humboldt has inferred, that the direction and accli- 
vity 3t mountain-ranges are phsenomena posterior to the exv 
istence of the grand strata which compose the crust of the 
eaxth/and out of which he considers these inequaUtieff on 
the surface as having been formed. 
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ed over their surface, which have been miante- .* 



-^ 

ly described by D£ Luc ^4 — ^In the saod'apiiW j/^ 

the chalk strata of the counties of ^^ts, Budfe- 

ingham, and Dorset, large blocks. of grandlafj 

quartz are abundant jr. — Even flinty have been . 

found resting on granite, in alluviai^^ttt^ta |:. -U 

Saussure has given interesting acccuntif of ropks 

which he found in the .Alps, at gneat^^istaoceB 

from the strata, of which, from their nature, 

they must once have* formed a paft.' A]u>ng tibe « 

whole extent of the Grampiafai^ a CMg^aBO^rati^ J 

rock, more or less coarsely grained^- skir^ the\* J 

central masses of the chain. No one cbjdl see 

the valley of the Forth, without obser^g the 

■ > , T)assage^ ^ 

1 



* Travels, vol. i. 123. 323, &c.; also his Geokgie, 1809, 
332. He brings them out of caverns to the surCace, by 
means of elastic fluids. 
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t Windsor Castle is built of them. 

X In 1815, 1 observed a considerable tract in the pa^ 
riahes of Logie and Cruden in Aberdeenshire, where flinta 
occur always in the alluvial sand, above granite. They are 
all yellow and red, and approach in afqpeaninee to thoae of 
Hertfordshire. 



Si.;* 
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U^^^^S^^^^ tonisnt from west lo east, model* 

''Img |)v^!^P^§ <^ the greenstone hills whic)i 

*^ rise inntl^* ' In* Siberia, islands of sand, ice, 

i j jf antHb^. bones of elephants, are formed near the 

«\ j^BJ^s otJthe nvers Lena and Jenisei ; accur 

^C^Sg^ of the same materials are seen in the 

•Twrata of tjbeir banks ; ^nd Pallas first obser-- 

ved tbejipjaf ilie productions which often accom* 

papy them^ in all the rivers of Northern Asia. 

^ ' J!|^or arj^ bodes only foubd in such situations } 

'^^he fferiQianence df lar^ masses of ice in these 

jC^ltfactsihas'aUowed us. to see the whole animaL 

i< wiyi its flesh and Hair completely preserved f . 

* 

. ' . -When mas^s df cock only are the subjects 
!«F^ 4)fidH^[spor probable opi~ 

\ r nipns with regard; to their origin, are, either 

J.. . , *. > u^ '*' ' ^ 

"• ^ th^^thcjy have arisen irom the disintegration of 

fr* * ^" ■'•'■"' * « 

*' » * q 2 rocks 
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* A general diiection is seen in the precipices and low 
ground around Edinburgh and Stirling Castles^ the Abbej 
Cng> Cragforth> and other eminences in this vaUey. 

t See the account, in Cuvier^s Introductian, (2d edi- 
•tioD, 260.) <£ 4;he complete eleidumt found in 1806 by Mr 
Adams in the country of the Tonguses. 
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locks once occupying the spots of the present i 

m 

deposits, or that they have beeacojjiyejed.from "^ y^ 

a distance, and been rolled, and warn during 

the operation. In several cases, the application ; 

of both these principles may be obtioos^ Nof ; f'^ 

is water the only transporting agent w)uch we. 

cah employ. The appearance of floating islands 

of ice, entangled with soil and trees, . f^ been 

observed, and forms a very probable origin {or 

soYeral of the phaenomena. Thus, 'on th|p shor^ 

• * ^ 

of the Baltic, the blocks of gtanite occur gene-V 

rally on the summits oL the sandy lulls ; and jv 

none are found in the lower grounds. Th^ese 

summits would afford the first resting pkces 

for the masses of ice on which such blocks float- 

ed, as the waters retired *. It is more difficult 

to determine, in the present iroperfect state of 

observations. 
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* See Sir James Hall's paper on the Revolution of the 
Earth's Surface, Edin. Trans, vii. 139* From his calcula- 
tions, (p. 144.) we may infer the great elevation of the ori« 
ginal mountains. Afler acknowledging « debacle with 
Saussure, he finally incline? to the opinioa given in th# 
text. 



^ observatiohsr which of these appearances we 
^puld refer to ,the last action of the waters, and 
. $i*hich to an earlier change. When more coun*- 
, tries are explore(l,'an(d more phaenomena accu- 
Ptmulated^ this may* not be beyond our power. 

The great chtoges which have thus been 

\ traced, an4 to which w^ owe the present ar- 

, langement of thfe world, have obviously had 

" their origin from causes which are not now to 

ri^be observed in action.' It is an interesting in- 

'* quiry, to consider thbse changes of a slower 

^kind, which depend on causes constantly acting 

at "the present time. 

M While the* Huttonian Theory is defective 

in provipg the present; existence of a great cen- 

tral heat, it is .not less imperfect in its other 

principle, that of a general decay always going 

forward on the land, levelling the mountains 

with the plains, and conveying the materials of 

both to the ocean, during a prolonged series of 

ages. 

It 
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It is tnie, that l mechaiucal destruction ^ 
takes place to a certain extent. Heat, lig^'T- 
atr, and water, are the agents. When the srttfi', m 
tajs shine on the cliff or side of a mouDtain] 
they expand the mass, and rendet it itablft 
separate. The daily variations of temperatiii 
must be supposed to act in tHe same itiod^ Aa 
large as on small sat&ces. Air, always holding 
aqueous vapour dissolved, is propelled against 
the solid masses of the mountains, by storms 
and tempests. Water is present in small quan- 
tity in the composition of tnahy minerals, even 
in marble, -which, when pounded and heated in 
close vessels, gives out steam. This watet as- 
sists, more or less, in the destruction of all 
rocks ; and when it is lodged in fissures, and 
converted by cold into ice, the destruction goes 
on with greater rapidity, because no bounds can 
be set to the expansive power of the liquid when 
in the act of freezing. 

Granite decays in a mode which has been 
frequently described, and which we find exem- 
plified on every mountain which contains it. 
The iron of the felspar is one of the greatest 
\ decomposers 
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j^dctiaiQpoaexs '' of . rocks. Whea it is acted on^ 
d its degree of oxydation or of hydrature 

i < 

Iffhzhpsdf tkff potash of the felspar is soon dis- 
^'sdlred and carlied off by the waters, a fine clay 
^vtmiinmg behind atrbund the particles of quartz. 

K'i^^t P^^^^^^^^^^^J ^ ^^^^ moimtatnsy and the 
'^Aaolinot Chtna, are found, on analysis, to con- 
^ tain no alkali "^^ ' Over the surface of mountains 
^ of red granite, all the exposed and weather- 

4 

«wom bkicks have a white aspect, from this de- 

•^: cay of thdit felspar f . The sands consist of the 

* lar^ grains of. quartz, with very little feL^par« 

And hence, for the purposes of permanent ar- 

cbitecture, white granites are far preferable to 

red 



* Kaciin oontains 71.15. silex, 15.86 ahunen^ 1.92 lime, 

and 6.73 water^'^Fatiquelin. 
Porcelain-eardi from St Yrieux in France^ 6I silex, I9 

alumen^ 12 ]ime.'^Hassenfraiz. 

t On principles formerly mentioned^ a true solution of 
the materials of granite need not be inferred in Its decom«» 
position^ the mechanical degradation being sufficient. In 
iV'eathering^ the. constant application of water in rains^ may 
hftve some effect in dissolving a stone containing potash. 
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red ones, because, their felspar eontainii^ lea>": 

■ 

iron, they change more slowly. * 

The appearances of decomposing basalt are ' ^| 
well known ; they are accompanied by changes ^ 
of colour in the stone, which have often been ^ • 
mistaken for the eflfect» of heat ; -and it is onlx ^^ 
in spots where this substance bas attained its 
greatest hardness and fineness of grain, or where 
perhaps less soda is contained in the rock, - that 
the alterations from time appear to be least.* 
Such is the case at the Mole of the Giant's 
Causeway, and at the cave of Fingal; while 
the debris at the bottom of the promonto- 
ries of fiengore and Fairhead tends rapidly to 
decompose. 

These are the causes of the wearing down 
of rocks ; but these causes do not go far. Na- 
ture has set bounds to it. We eveti observe 
daily how destruction is met by a renovating 
cause, which prevents the degradation from be- 
ing carried beyond a certain extent. Indeed, 
without some changes of the strata of the sur- 
face, no soils could have existed, and no life, 
either of animal or plant. The layers of rock 

wear 
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^{^^yi^eaiT down, — ^the granite falls ihto sand and 

1^^ ^clay,— and a resting place is thus provided for 

]yr?the seeds of lichens, which are constantly pre- 

r ^srat. These, adhering to the loose or the solid 

f': .surface of the rock, wear it still deeper in their 

Kft^ccessive generations, till a mould is gradually 

formed from their remains, mingled with the 

* " finely divided matter of the strata. Other ve- 

*, getables soon begin to appear, and, as they 

**grow, condense in their substance the carbon^ 

^-' - 

'^- oxygen and hydrogen of the rains and the at- 

' xnosphere. The mould soon deepens; and as 
• they die or decay, more perfect species succeed, 

' * till a soil is produced in which the trees of the 
forest can fix their roots, and the toils of the 
cultivator be rewarded by the abundance of the 
harvest *. 

It 

* This view of the subject has been given at greatest 
length by Willdenow, (Prin. of Botany, § 866.) He shews 
how to the minute mosses of the summitjs of moimtams, we 
are indebted f^r the origin of our largest rivers. 

The great hairiness of mountain plants, is aH admirabk 
provision; for thus their sharp-points attract the dews more 
copiously. ' 
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It is thus that the decomposition of the 
rocks forms the soil, and even renews it,, as the ' 
rivers and torrents bear down finely dividisi *'*• 

- V-; 

particles from the high to the low lieuids. Im^I 
the same mode in which they were at first pao: ^! 
duced, the alluvial land is nourished, and tte^fl 
qoantity of useful surface increased. Ohtf t ^ 
part of the substance of the mountains reaches^ - 
the ocean, in rivers which flow through exteiidK^ «?: 
ed tracts of very flat country. Of what tlie. 
ocean receives, a small part may be diasemanat* - 
ed over its bottom, but by far the larger quani 1 
tity is thrown back on the land''^^ Innumer*^ 
able observations exhibit islands of sand and 
mud forming in the mouths of rivers f • The « 

tendency 



* Many accounts of this have been collected. The 
deposit of land by the Nile, has removed D amie t t a some 
'miles from the sea, since the expedition of St Louis. 

t Major Rennell, in his memoir <« the Ganges^ has 
supplied many useful facts on this subject^' wfaidi take place 
in the course ci that river.*-The banks at the mouth of the 
Thames require constant surveys from the Trmtty-House, 
and are always shifting. Among tl)te latest obeerverty see 
Mr Pieming, Wem, Trans, vol. ii. 1818, p. 341. 






tendency of harbours is always to fiU up, from 

the deposit of matter produced by the cOntend^^ 

. . iiauE motions of the fresh water and the tides. 

^^M^ny lakes are gradually extin^isbed in a 

.similaf manner "^A The waters of the rivers^ 

_fi>t£jre entering thomi are often of btowti or 

^ muddy colouts from the strata over which they 

:4lave passed ) in traversing the expanse of the 

^ '^akes^ they lose their velocity and deposit their 

contents f and after leaving them, they offer to 

. the eye very pure and limpid streams f . Many 

if^. travellers 4iave described this appearance in the 

Rhone, at its entrance and at its exit from the 

Lake 



j,i I it»*» 
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* ^ ifiatiy esc^kinples of the basond ot hollows formed 
by valleys^ in Jameson's Geognosy^ p. 22.-^24. 

t Thus the lakes in the line of the Caledonian Canal 
tfe gradualljr fillihg: up^ Hftlo^ of thdi- alluvion pasdeik to the 
dea.— It iii well knoWti^ thut the Po and the Rhine have been 
sustained fbr centuHes by embankments^ like the Thames^ 
whidi^ ad fagh as Wooltridi^ is at crt-dinat^ tid^s dbove the 
level of the meadows^ and is upheld by #idl&. In these 
pases, the b^ of the river is miaed by the deposit of its se- 
diment> and in time^ the tendency is to overflow the same 
tract which it had <moe assisted to form* 
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Lake of Geneva. In many lakes in Scotland^ '^ 
particularly in those which form a part oi the. 
course of the Spey, the process is completed, 
and some valleys in the course of that river are *' 
seen, which were lakes at periods within the 
reach of authentic records, and thosft in it^TJ 
course at present are gradually filling up*. ^ 

Dr Hutton, overlooking all these forma-^ 
tions, saw Nature only operating in the work a^ |' 
destruction, and pointing with her fin^ to a 
period when no tnore land would remain to be 
destroyed. Of the time necessary he was in- -^i 
deed disposed to allow a sufficient length ; and 
time was necessary; for the wearing oF-theAl^ 
rocks by the most tremendous waterfalls of 4 
Niagara or Tequendama f in a course of ages, *^ 

is i< 



* In 1815^ I exunined the course of the Spej, fiooi its 
source on the mountain Cormurk^ new FoKt Angnstos, to 
Gordon Castle^^ with a pazticukr viewto this subjed, to die 
Mture and accumnlition of the debrisyand to the fennation 
of the valkr 



4 



+ Humboldt (Roeaidies, toL i. 72.) has ■l*»7J*'^ diis 
magQifioent accne in the Cardillefm of die Andean imlifit 

Ae 
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is of no sensible quantity when compared to 

the size of the earth. Even here compensatmg 

«. causes are seen. The gulfs at the bottom of 

^ the cataracts receive the rocks, which are disr 

iceci<' The soil protects the strata below it 

JK&om farther change, and the deeper it is, pro- 

^(jjtects it the more powerfully. Every mountain 

■v^^as its sloping sides flanked with debris, which 

it * ' V 

%must all be removed before the central mass be 

itself attacked. In the precipices of the moun- 

^ tains or^^ie se^-shores, the tendency of Nature 

*us, to hea^' iip •piles of rocks at their base, and 
l**hus^fFord tiiera a shelter^ When the ava- 
^lanehe*descends* in a^ alpine tract, the ruins are 
Jooo large ^to leajre the valleys into which they 
Pan5.projecfed with such sublime terrors. And 
^ tlie highest peaks around rise, clothed in the 

I eternal snows of that winter in which their 

■ V T 

summits 



■A 



^< 
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the noblest cataract in the world* The Rio de Bogota falls 
^t two bounds down 574t feet^ and^ in fact^ from a cold to ^ 
yarm region^ as the vegetation around indicates* 



* \. 
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nimmitf always exist at a temperature whicli h 
nearly unilbnii throagfaout the year** ^ 

In addition to these &ct8. Nature prawiita J 
us with renovating povers of a more audtivr • 
kind, which the Hottonians also pass -rbj^ ^f^ 
noticed. IsUmds frequently emerge fiSom tlie^,; 
deep by the agency of five, and «many spolUMiafH 
the globe attest an origin of thia kind. T^ «•' 
small islands of St Faol and Aitasterdan^ indb^ 
southern Indian ocean, are eleven hondied 
miles distant from the nearest *landi tiiey ctEa j 
every where vokanic rocks umA Isbif j|uiflga;' ' 
and they cannot have risen up.at a peno^AaqiM 
remote, for a soil has not yet b^en IbrnJ^^ni^ ^ 
only two species of plants have^reaqjiedftl 
dreary shores. In 1811, the new idahd of.«| 

brina^ 



> 



1 

* Dr MacCuUoch has drawn an important infamoe ^ t 
n the great eqoali^ which is seen in the ataa^ of pmosii 
on erf* the parallel roads erf* Glen Bgj. TliewMleaid 
anictien of hilk, though certam^ niiiat be mL&w; fir a f 
npid destrvctioB woald have went these roaAi iib« 
eqiiaIly.i.i.G€QL fiwoM. voL nr. 387- 
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brk^'i^ arose in the Azof^ oad after some 

vaoviA^ was. engulfed. Many simiiar phae- 

.j vmMioa. \)a^ been traced of late years. The 

I ■ 

be4. <£ the oceao is di^tur^d, its waters are 
f^l^jgmtcd^ tbe fidies die, and rise to the suxfaos, 

. :lmrsts of flame «prkig up enveloped in clouds of 
fijljltteam, and these shroud the rocfcs which jgra- 
> ^dually or more suddenly emerge, and become 
V oew harriers to the waves. 

' The natural uses of Volcanoes are too ob- 
^ .Tious.dto be treated at length. We are too 

' frequently H accustomed to view them as agents 
^4»f ^dptruction only. They are so, indeed, lo- 

► 'caUy^^d ofte^l to a great extent. Their lavas 
■ . ofvefwhclm cities, their ashes cover the soil, and 
P blast the harvest of the year. But the countries 
pli eround them present the highest fertility, vege- 
"~ tation 



* So iMled from H. M. 8. SalHrina, a party firom iidiidi 
'knded upon it^ atid brought away spedmens of a white ir- 
' x^ukr pumice^ incloeing small black crjrstals of h<ml» 
blende. Pfailos. Trans. 1812^ p. 1S&. See Sir G. Madoen- 
xie^s Travds in Iceland^ for a descriptton of a similar jks^ 
jiomenon near that idand; p. 365, 
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tatkm springs up with new force, from soils pre-^ 
serred warm by their fires, and the sid^s of 
Vesuvius are clothed with vineyards. If the ' 
lava of this mountain does not often, from its 
nature, form a soil speedily *, the ashes which '^ 
fall above it during the last days of an erup- 
tion, render it productive, and have made the' 
country around Naples one of the most fertile 
spots on the globe, and still deserving the name of 
the Campania Felice, While volcanoes are thuS 
the causes of its fertility, they have given rise ) 
to the country itself ; for, from one extremity of 
Italy to the other, volcanic products crowd. on 
the observer. 

Volcanoes thus present the most active 
scenes of the destroying and reproducing powers t^ 
of Nature ; but Nature, as fertile in her n^des ^ 

A 

* The hardest lava receives a good soil by th^ Priddy 
Peav. " They bring a little earth to any crevice of kva, 
and plant a prickly-pear tree : it spreads^ and splits the ^ 
roc^s in about seven years^ and a thick plantation is so<xi 
formed." — General Cockbum's Travels in Sicily, &c. ISl^i 
voL I. p. 163. 
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cf wa&mgf BB she is simple in her first princi<* 
pies, exhibits to us another mode of forming ntw 
laiids^on a scale still more extended than by the 
agency of fire. The whole range of the Faci- 
i^c is studded with islands which are formed 
of ^ coralrrock^ the work of mean worms, 
which inhabit the dwellings which they con** 
struct of limestone^ by withdrawing lime from 
sea- water. Most islands in this ocean seem ta 
hai?e either a yolcanic or a coral origin; air 
most aU pf them are surrounded by coral reefi, 
or ledges of the coral-rock more or less elevated- 
la ihe Straits of Sunda, and within one range of 
the eye, tiiese islands are seen in all their stages 
of fommtion. First, low reefs and shoals appear, 
ovear which the waves break, and which naviga- 
tors are anxious to mark in their charts. Gra^ 
dua^f they rise above the water ; the worms 
pursue their labours only on the sur&ce; they 
afltract^^caiq and dews, wear down and form a 
soil, ill which small plants at first take root ; 
4f)r:g!er f ones succeed, till at last an extensive 
Island dec<»:ates the prospect, waving with palm 
: - R and 
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and mangoe-trees, and the other pro^uctionf of 
Nature in her tropical climates. 

Whatever destroying tendencies, then, ct- 
ist on the earth, these renovating powers com- 
pensate for them. They never cease to act; 
nor do the heat, and air, and water, cease to de* 
stroy. No marks of a degradation acting 
throughout 9 prolonged series of ages are expos* 
ed to our observation, without being met by 
those of constant renewal. The one arises out 
of the other. — ^We infer, with certainty, that the 
present state of the World had a beginning, be- 
cause that state arose £rom causes which do not 
now act. Just as its plants and animals muit 
have received their first breath of life from su- 
perior power, because no new species are seen 
forming at the present day. That the cause of 
all the appearances is one great and good Being, 
follows from the harmony, the magnitude, and 
the excellence displayed in mineral, vegetable, 
and animal existence. The time is not far dis- 
tant, when the science of Natural Theology 
will receive a great accession from the proo& of 
design which Geology can unfold. But already 

W6 
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we may safely conclude, that as the world did 
not comtnence, so it will not terminate from any 
causes at present in action^. In the great 
cycles of Time, the infinite series of the reno- 
vating powers must be coeval with that of the 

t destroying 



* See FlayMr, Hutton. Th^e^E. § IIS, 119. whei:e an op- 
posite conclusion is drawn with regaid to the beginning ^f 
the worlds ^^ there being (according to him) in the econo« 
*' my of the world, no mark either of a beginning or an 
/^ end."— On the other hand, I think it demonstrated, from 
every appearance in the mineral kingdom, and from the 
wisdom of contrivance and beneficence of design which it 
unfolds, that there has been a beginning ; but I have not 
1>een able to trace any marks of imperfection or of termina- 
tion in the present constitution of the world. This, as Mr 
Playfair justly remarks, is very different from concluding 
€hat the world will have no end. — ^An infinite succession of 
appearances implies the existence of a cause, as evidently 
as a finite succession. The Eternal may have connected 
all his beings in an infinite succession, and for this He, 
iOron^ bis infinite nature, is th^ only true Cause.-*See Dr 
Clarke's Correspondence with Leibnitz, 1717^ p. 347, &c. 

r2 
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destroying energies *. The Phoenix asqendiqg 
with new splendor from the ashes of its parent 
bird, is the true image of that perpetual youth in 
which all things around us rejoice. Neither in 
the skies, nor on the earth, is the work of crea- 
tion f ever at a stand. It elevates our ideas of 
the power of the Almighty, to infer, from the 
existence of worlds in all stages of formation |, 
that His creating energies never $leep; that 
they constitute a perfection of His nature, and 

that 



T 



* It may be said that the transference of a very smalls 
quantity of matter over the bed of the ocean, in any limit* 
ed period of years, will in time wear away the land. Bat it 
is almost unnecessary to remark, that an inequaUty between 
this effect and the fonnation of new land in the three 
modes enumerated above^ must first be proved, before such 
a conclusion can be admitted to the smallest extent, in an 
infinite series of effects^ of which a small part only is sub- 
mitted to our observation* 

t That is, the arrangement of matter in new forms. 

X See Sir W. Herschell's paper on the sidereal part of 
the Heavens^ and its connection with the nebulous port 
Philos. Trans. 1814, p. 248^ 
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that all His operations are pursued in years and 
ages with an undeviating constancy, whether 
exerted in the heavens, the ocean, or the land. 



The interesting direction which has been 
given, in our time, to the researches of Geology, 
has not been attained without a struggle. The 
extent of the actions, and the theatre on which 
they arc performed, still recall to view the cos- 
mogonies of ancient and modern times. Though 
the hypotheses of Burnett, Whiston, and BufTon, 
are now remembered only as instances of the 
presumption of the human intellect, yet, at the 
present day, opinions resting on no better foun- 
dation than the assumption of &cts, have been 
given to the world. This is the more inexcu- 
sable, as Chemistry has now made rapid advan- 
ces towards perfection, and some certain know-* 
ledge of the nature of Minerals has at last been at- 
tained. — ^The first theorists sought to penetrate 
into the nature of that chaos ^ from which the Al- 
rnighty, by his omnipotent/af, created the Uni- 
verse. Others wished to account for the Deluge 

alone, 
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sflone,by suspending the laws of cohesioh ahd ^- 
vity, altering the position of the Earth in its orbit, 
or introducing a comet amid some storm in the 
planetary system. Around any single idea of 
this kind, the facts known in the mineral king- 
dom, were deposited ; and these being far from 
numerous, and even uncertain; each theorist 
resorted to the sacred books for additional proo& 
of his opinions. The weaker that these were, 
the ardour for seizing them became greater, and 
the controversies between the contending par- 
ties warmer and more exasperated. The march 
of science overthrew them all, and entailed some 
disgrace on the . subjects which they pretended 
to illustrate- Yet to this hour some are found, 
who, true to the unphilosophical mode of deduc- 
tion employed by Burnett and BufFon^ continue 
to write on Geology, as if this branch of know- 
ledge had no other end but to afford conclusions 
respecting the age of the world, and the phaeno- 
mena of the deluge. Revering the Christian re- 
ligion, and finding in it the noblest objects of 
hope, the best exercise of the affections^ and the 
highest ideas of the Almighty, I cannot but feel 

some 



mnAt ishataie and astonishment at these attemptfii 
But I am unwilling to speak of that irritatidk 
consequent on controversy, which has contribut^- 
ed, more than any other cause, to render Geolo^ 
gy an apparently contemptible pursuit. Some, 
wishing to affix their own unsupported signifi- 
cation to th^ short account of the arrangement 
of the world, recorded in the first chapter of 
Genesis, reckon every man an infidel who differs 
from them in the position of granite or basalt* 
Others condemn the Christian revelation in the 
mass, because they cannot find all the modem 
discoveries mentioned in the Scriptures One of 
these superstitions may, pethaps, be exemplifi- 
ed by an extreme case, that of the present inha- 
bitants of Fatmos, who believe that the cross- 
like forms of the crystals of felspar in the rocks 
of their island were framed by the apostle 
John ^ i and the other, by the endeavours of 
many late writers to overturn the chronology 
of Moses, and the constant reference which it 

bears 



* Dr Clarke's Travels, vol, iii. 
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tiean to the ori^n of Uie liumftnr»c«^ Irf biii^ 
ing forward the unphilosophical deductionsiof 
Mr Brydone, with regard to the long periods of 
time requisite to cover suocessiye. laraft with a 
productive soil''^. These, and manj other spe^- 
culations of a similar kind; it is ahnost unneceft^ 
Mxy to rciiiarky are hostile to tiie. spirit of true 
{^ilosophy, which only reasons firom what it job^ 
serves. The progress of /ot^lt in the physicsl 
•sciences can never be : arrested by, nor ccnne 
into competition with the subjects of faith. 
Though in some minds the Scripture accounts 
may strengthen, yet they can never oFthemselves 
support a body of physical truths, nor lend any 

but 



* Brydone's Tour through Sicily and ,Malta^ Letter vii. 
The defects of the reasonii^ infen^.fitxm his observations 
rest on two fiicts; (1«) That lavas possess tBCtares of the 
most opposite kind^ some decomposing nqvidly^ others ne- 
ver changing : (2.) That ashes almost always fall after the 
• lava has flowed^ and cover it immediately with a rich soil. 

"^ Besides these^ his idea supposes that each of the lavas was 

erupted at the distance of 2000 years firom each other; of 
which no evidence can be brought — ^The second circum- 
stance is mentioned by Mr Brydone himself in Letter vi. 



hot an- adTentitioai ttmit^KicMr toe tiit cadse: of 
science.' Hie very kititacto of '• ilMHiplttatioit 
which must be 1 allowtd by^the most fl&ilfhl ^ 
vines to^a few general descrqitionS) destroys ail 
confidence when the objects are those of an el<^ 
act science.. La fine, to bring forward th^Beril^ 
tures as 'the foundation of Greology is- to degrade 
them^ and not to assist it; to chttige then^ iili 
to we£q)ons of controtersial warfare-; ta stiEtke 
their credit upon the most fi^lible of interpret 
tations, that of a rising'science not yet sufficient^ 
ly furnished with facts; to contract the un- 
changeable dictates^ of Revelation with wh^teu 
hitherto been constantly subject to change. 

On the other hand, no reason can be shewn 
why facts, established by long**continued obser^ 
vation and experiment, may not be applied to , 
illustrate the Mosaic account of the creation ^\ 
This, however, is the province of the divine, 
not of the geologist. Let facts only be so ap- 
plied ; not hypotheses or cosmogonies. No true 

friend 
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* Mr Parkinson has well illustrated this^ in his Organic 
Hemains of a former World, vol. iii. p. 449—455. 



fineod'of tbe S ciipiui e i can leqmic more; noac 
of their enemies can wuh to see them moie de^ 
graded than they have been in yerj late wri- 
tings of their defienders. To the Scriptures 
true knowledge has not yet been hostile ; nor 
are they^ when properly interpreted, enemies to 
it. It deserves to be remarked, that in coun- 
tries where their pure light does not shine, a 
liberal interpretation of some passages has been 
allowed far more sparingly than in our own, 
which has so long enjoyed thdr benefits, and 
which is so deeply indebted to them for the 
high degree of civilization which it enjoys. It 
was in Italy that Galileo was harassed by the 
Inquisition, because he had dared to prove the 
rotation of the Globe, and had enlarged the 
range of the eye and the mind,, by turning the 
telescope to the Heavens. It was in the same 
country, and at a period nearer to our own age, 
that the learned commentators on the Principia 
of Newton, felt themselves obliged to acknow- 
ledge their unbelief in any physical tenets which 
the Church had condemned. With us the best 
divines have always held more liberal ideas on 

any 
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uny passages ^ oonnected with science^ The a^ 
of our species is well marked by many events ; 
and its progress in the arts and scienees, and it9 
history, agree well with the relation of the in- 
spired page. That this is the principal object 
of the first accounts in Genesis, and not any de« 
tailed account of the formation of the Globe, 
may be inferred from the shortness with which 
the creation is treated, and the length with which 
the dispersion of the leaders at Babel, over £u* 
rope, Asia, and Africa, is related. Many other 
circumstances lead us to the remark, that, in 
the ^count of the creation, Moses indicates the 
origin of our present world from materials which 
had previously existed, and been subject^ as mat- 
ter, to the power of the Supreme Mindk The 
formation of fish before land animals, is an in- 
teresting coincidence between modern discovery 
and the sacred account. Marks of a deluge are 
imprinted at every step ; and that it did not al- 
ter permanently the face of the globe, may be 
inferred from the circumstance, that Moses de- 
scribes the situation of some spots as being the 
same before and after that catastrophe. The 

absence 
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absence of the remains of mankind in the strata, 
as &r as observations have yet shewn^ is &* 
VQarable to this idea. But when the period oC 
th6 six days has been supposed by some wri* 
ters^ to have been indefinitely longer than at 
present^ in consequence of a slower rotation of 
the earth on its axis, and when we attempt to 
sdprport this idea by the appearances of the mi^ 
nferal world, we start at once into the region of 
wild hypothesis. — ^From these considerations, J 
bave left to others the application of the facts 
contained in this letter to the sacred accounts. 
I only say, that there may be drawn from the 
principles here unfolded, some ccmsiderations 
far more favourable to the Mosaic accounts, 
than any which are supplied by other theories. 
For no evidences of more than one arrangement 
of the world are exposed to our observation ; 
and, since that arrangement did not arise from 
causes now acting, it must have had a begin- 
ning. — ^We find no traces of the materials of 
our present strata having originated from the 

decay 



* As in Bishop Horsley's Sennons^ p. 446. 
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decay of a former world. Only one formation 
of shells $eQqi^ to have existed. Mark^ of a 6ud^ 
den foonation, and of sudde;];! . revolutions, are 
visihle in ^ the ^tx9t^* Such principles, whoa 
well established, will aid the Scriptural account ; 
but they would c^ase to do this, did they rest 
for their truth solely upcm that book, which 
they are called in to illustrate* 



The termination of this prolonged discus- 
sion has now, my friend, been reached. In pur- 
suing a track so extensive, it is essentially ne- 
cessary that facts and observations should aC'- 
company the theory which attempts to genera- 
lize them ; and that aU our results should, if 
possible, be drawn from the nature of minerals 
themselves. The accurate discrimination of 
rocks should be connected with the study of 
their mechanical structure, and their chemical 
nature, Every research which tends to make 

us 
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us better acqu^ted with the relatioiis of the 
fltrata of the earth to each other^ is usefiil ; and 
the greater part of the evidence which Geology 
has y^ supplied, consists in the minute details 
of particular spots. Of how little utility the 
preceding remarks would have been, without 
the aids of Wemerian and Huttonian observers^ 
the frequent references to their writings render 
evident* — ^Whatever may be the opinion of the 
public tribunal on the observations contained 
in these pages, I have, at any rate, received 
pleasure from the contemplation of the grand 
scenes of Nature, — ^&om new ideas of her opera- 
tions, — and from the views of that truth, 
which the study of the Globe, if not at present, 
will ultimately impart to the mind. — I am, my 
dear Sir, 



Tour faithful Friend, 



8(MA Jtify 181& 
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ABJDITlONAL NOMS. 



System of Werner* 
(Page 12.) 

XT is remarkable that the inferences hostile 
to the theory of Werner, which can be drawil 
from his own descriptions of the strata, have 
very seldom been deduced. Of this theory the 
British public had indeed no accurate account, 
till Professor Jameson published in 1808 his 
Treatise on Geognosy. Though this work is 
professedly elementary and abridged *, and may 
therefore be supposed to want in many cases th^ 
reasonings on which the conclusions must rest^ 
yet it has been extremely useful, from the very 
accurate view which it gives of the descriptions 
of Werner. These have been my guide in 
any researches which I have made, and in the 
greater number of cases I have found them of 

s uncommon 






Jameson's Geognosy^ Advertisement; p. t. 



«74 

uncommon accuracy, or rather, exact tran- 
scripts of the appes^^anpis^ »&s;j^ ^x the rocks 
themselves, and in the mountains which arc 
constituted of them. While this is willingly 
and justly acknowledgid, it may be proper, at 
the same time, to declare, that by far the great- 
er part of the Theory j founded upon these de^ 
scriptiom by Werner, is either defective in 
explaining the appearances, or completely erro- 
neous ; and that, after all, his theory accounts 
for but very few of the fdiaeoomeaa which Ijie 
was certainly the first to dwrribe ; ai^ fox in^ 
itapce, for the ^hole of the questions connected 
with the strata* w^faich I have statod above ^. 

It is not my i»teation, at pcesei^ to exa^ 
tninp thp theory of Werner in detail \ I sb^U 
le^ily add a few inferences which follow from his 
descriptions,, pj^xing som^ extracts from the 
work of the excellent mineralogist alrca4y men- 
tioned. Thfts^ pasi$age$ m^ assist ^ reader 
in recollectii:^ the difference between the views 
given by Ws:rni;r, V^ those deduced in the 
preceding pages. 

" Strata 



* P«ges Qi^^6$. 
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•* Strata and beds appear to be particulait 
^ and individual depositions fbom a state of so^ 
•* lution or suspension in water *.'** 

^ The outgoings of the newer strata are 
^ generally lower than the outgoings of the 
•^ older, from granite downwards to the allu- 
^^ vial depositions^ and this not in particulai^ 
" spots, but around the whole globe. 

** The primitive part of the earth is entire- 
** ly composed of chjBmi<eal precipitations, and 
** mechanical depositions do not appear until a 
^*^ later period, that is, in the Transition Class ; 
*^ «nd from this point they continue increasing, 
** through all the succeeding classes of rocks, to 
*^ the newest or the alluvial, which arc almost 
** entirely mechanical deposits f .*' 

The Primary Rocks are also thus charac- 
terized : — ^* Excepting the small portion of me*. 
*^ cfaanical deposit that accompanies the second 
** porphyry formation, they ate throughout 
*^ pure chemical productions ; and of these the 

s 2 " older 



* Jameson'd Geognosy, p. 5&. 

t Id. p. 79. 

The aidgoings of strata are the terminations of ihexti 
which appear at the surface. 



** older arc more pure than the newer ^J^ 
Since they are pure throughout^ it is not easy to 
understand this gradation of purity. • 

The position of Quartz Rock between To- 
paz RocIl and Flinty Slate, is a singular mistaks 
already animadverted on. Quartz Rock is men« 
tioned as indistinctly stratified f ; whereas it oc« 
curs in very distindt strata* 

" With grey wacke a new geognostic pe- 
'' riod commences^ namely, thatx>f the appear- 
^^ ance of mechanical depositions :|:.'' As ' if 
there were none in gneiss, mica slate. Sic. ; or 
as if quartz rock had not been traced,* by com- 
plete passages, to grains of rolled quartz. 

" A white coloured granular foliated lime- 
" stone, full of petrifactions, occurs in the Ty- 
** rol, and similar rocks have been observed in 
" Switzerland, Bavaria, and Franconia §." 

It is also acknowledged that whole forma- 
tions of granular foliated limestone may occur 

in 



* Jameson's Geognosy, p. 101. 
t Id. p. 143. 
% Id. p. 149. 
§ Id. p. 164. 
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in flcEtz rocks *. Now, if the organic remains 
are thus inclosed in a limestone so crystalline 
that it is only by geological position and inclo<- 
sed minerals, that we can distinguish it from a 
primary one, it follows, that it should have beeu 
formed by a pure part of the . solution ; and if 
so, how did the petrifactions, which are also 
limestone, escape every trace of the action of 
this powerful solvent? , The granular foliated 
and highly crystalline texture ^surely forbids, on 
the principles of Werner, the action of a nS5e- 
chanical deposit at ail. 

The appearance here related is very com- 
mon. 

In the whole of the Wemerian Geognosy, 
we find no reason why some rocks should be 
stratified, and others unstratified. The univer- 
sal water precipitates granite unstratified, and 
stratified rocks immediately above it, till those 
strata which all allow to be mechanical, gradu- 
jally form. But in the newest Jloetz-trap for- 
jnation, the order is reversed, and the most crys- 
talline greenstone, is called ^n overlying mass^ 
when it surmounts the strata of a basaltic hill, 

on 



Jameion's Geognosy^ p. l64. 
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on the sides of which we find inifiliiied stMA of 
a mechanical and very new aspect*. Thb 
greenstone, too, h vety often unstratified, tiioug^ 
it is described as resting on strata, and thoi^h k 
often approaches in nature to unstratified sjca^ 
ites and granites. 

We fteed not afterwards iWoftder, to find 
Wether " investigating the contents of the vnh 
" ter of the globe at different periods f ," aiid 
ateertaining with precision the ijgjt of the me- 
tals J. 

The broken nature of the strata is ascribed tft 
the rapid retiring of the water §, but as to where 
this water retired to, it is confessed that no sa- 
tisfactory answer can be given [[. Itiltiust have 
once stood very high over the whole earth, m 
order to afford a precipitation of our mountains 
from a chemical solution. Werner suppoiled 
that a part of the earlier formfttionft wa$ destroy- 
ed. 



* See the description of the Trap HiUs in SaStony and 
Hesse^ in Jameson's Geognosy^ p. 201. 

t Jameson's Geognosy^ p. 86. 

X Id. p. 256, 

§ Id. p. 84. 

II Id. p. 82. 
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'^j and mutter for newer formations thus afford- 
ed *. This is a very probable hypothesis ; but 
if the quantity of water which dissolved the 
primary rocks was not larger than even what 
we observe of thdr volume, it must have been 
immense. 

Volcanoes, aocording to Werner, could not 
have their origin till those bedis of trap and cosd 
■which supply them, and which are the newest 
of all rocks, were laid down. ^* They are, there- 
^* fore, to be considered as new occurrences in 
^^ the history of nature, although they may ex- 
^' tend far beyond historical record. The vol- 
^^ canic state appears to be foreign to the earth, 
^ — a circumstance that points out its extreme 
** antiquity f**' 

It is remarkable that Werner has thus de- 
prived his theory of the benefit of a single expla- 
nation of a mineral by heat, however indubitable 
may be the marks of heat in its structure. 

Thus, for the cavities so profusely abundant 
in amygdaloid, there is no other explanation 

but 



* Jameson's Geognosy^ p. 97« 
t Id. p, 96; 
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but that ** they originate from air-bobbles *»'^ 
In like manner, the effects of a compresdng 
force, which give so great assistance to the the* 
ory of Hutton, are utterly opposed to that of 
Werner. In a precipitation or deposit of mattar 
from water, the compression of the forming mass 
should prevent the formation of any drusy cavi* 
ties lined with crystals, or of any orifices in ba* 
saltic rocks. There is no heat below to produce 
them, as in the Huttonian view. So in metallic 
veins, and whin and granite dykes, it is as in- 
cumbent on the Wemerian to explain the cause 
of the fissures, as to fill them with matter. In 
this respect, as well as in every appearance at 
the junctions of stratified and unstratified rocks^ 
there are no satisfactory explanations in tbe doc- 
trines of Werner* •• 

So striking are the two facts, that rocks are 
either stratified or unstratified, and that distur- 
bances and the action of heat are seen at their 
junctions, that Hutton will always h^old the 
highest rank as a Geologist, from his having been 
the first to observe and draw conclusions from 
these important phaenomena. 

In 



* Jameson's Geognosy, p. 47- 
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In the imiveisal dissolving liquid of Wer^ 
net, acting on all the earths, in^ammable and 
' metallic substances of the globe, for few of which 
it at this day exhibits any powers of attraction, 
. we have an hypothesis which cannot be recon* 
• ciled to many of the descriptions of the same 
geognost. We may allow, that the deeper the 
.water stood over the earth, it was the calmer * ; 
but if the strata of floetz-trap were broken by 
the rapid retiring of the liquid, this introduces^ 
a cause as unequal as the eruptions of the Hut- 
Ionian fire ; and so capricious in its action, that 
we could scarcely expect from it the regularity 
which we see f • A calm rest is supposed to as- 
sist the regular crystallization of the first masses 
which. were precipitated; but as the waters di- 
minished, the disintegration began, f* the crys^ 
f* talline shoots were destroyed," and the first 
mechanical productions appeared. Now this is 
inconsistent with the mechanical appearances in 
' the most primary strata ; for surely the arrange* 
^ ment of flat plates of mica in a direction parallel 
to the strata of gneiss, mica-slate, and clay-slate^ 
is as decisive a mark of mechanical action, ^^ 

when 



♦ Jameson's Geognosy, p. 9h 
t Id. p. Sit. 



when th6 same plates of mica lie. in the same di-^ 
rectioD in beds of sandstone* It is also incoiH 
sistent with the phaenomena of one jundiida of 
granite with the shistus. The liquid of Wei* 
ner^ too, retains to the last its chemical powerv 
and deposits beds of crystalline limestcnie^ cf^^fd^* 
ed with (Organic remains. It deposits these be- 
tween secondary strata of the most mechanical 
kind ^0 So that we have here the inconsisteiih 
cy of the universal water separating chemical 
and highly crystalline strata, yet not acting oi 
their organic remains, and immediately chang- 
ing its powers, and letting fall a consolidated 
mud-like rock* Powers so capricious and 53 
transitory were certainly never vested in any 
liquid but in the solvent of Werner. This 
solvent, too, which let fall the unstratified gra- 
nite first, and introduced newer and newer rocks 
above it, of partly chemical, partly mechanical 
texture, just reversed this order when it precipi- 
tated, by a subsequent rising, the formation of 
floetz-trap. For there the most crystalline rocks, 
.the greenstones and greystones, are the upper- 
most, and therefore the last members of what is 
denominated the formation suite f , In order to 

account. 



* As in Jameson's Geognosy, p. 164, 
t Id. p. 84. 




$83 

iKtioiint for this discrepancy, thi waters are sup* 
pc»ed to haycf risen ** tumultuously/' deposited 
mechariical rtxrks, and afterwards become calm, 
yielding crystalline deposits'^. So that we at 
last reach by a fair inference, the following re- 
sult : — That the liquid of' Werner, which dis- 
solved the crust of the globe, acted as a cheini- 
cal solvent or a mechanical agent, just as it was 
calm, or agitated by tumultuous movements. No 
other reason is assigned in the Geognosy of Wer- 
ner : for no mention of precipitants is made. 

Thui^, by a philosophical induction, of 
which this country has seen no example for a 
century at least, Werner explains the structure 
of the globe. I confess that I never could find, 
in these inconsistencies with all our previous 
knowledge, any marks of *^ the comprehensive 
" mind/' who has " fully accomplished'* the 
theory of the world ; nor of th« " mineralogist 
** to whom we owe almost every thing that is 
truly valuable in this important branch of 
knowledge f ." In fact, the accurate descrip- 
tions of Werner have suffered, from the indis- 
criminate praise which has been heaped upon a 

theory , 



4t 



-ii<i 



* Jameson's Geognosy^ p. 84^ S5» 
i Id. p. 41* 
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theory that explains so little, and from those 
attempts to represent it as a qrste'm of perfect 
knowledge, which, in the present state of maiv 
no science can be. 



Consolidation of the Strata. 

(Page 12.) 

To find a cause for the consolidation of 
the strata, has been the object of the latest 
theories of the construction of the world. It 
is not difficult to shew, that the system of 
Werner is entirely destitute of a power requi- 
site to accomplish this great change. 

The phaenomena to be accounted for are 
the following : — ^the hardening of strata which 
all allow to be of mechanical deposit, — ^the con- 
solidation of strata which, in the Wernerian 
Geognosy, are described as being partly of che- 
mical, partly of mechanical formation, — ^the con- 
solidation of strata, denominated by Werner crys- 
talline or chemical, — that of unstratjfied rocks, 
granite, syenite, trap, limestone, and porphyry, 

•.—lastly. 
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^>— lastly^ the constant variations which appear 
in the degree of induration of all these rocks« 

That water was present, is generally agreed, 
and is indeed proved hj the facts enumerated in 
page 98. That it was water like that of our 
present oceans, may be inferred from the soda 
contained in minute portions in all rocks *. 

On the hypothesis of Werner, we have 
then water as a consolidating efiect, assisted in 
the crystalline rocks by the strength of aggre-* 
gation of crystallizing forces, and in all strata 
by the compressing force arising from depth 
and quantity of materials. Though the last 
circumstance is not mentioned by Werner, yet^ 
as its action would obviously exist, it is unfair 
to deprive his system of the advantage which it 
appears to oflfer to his views. 

The strength of aggregation of a congeries 
of crystals, is certainly something, though by no 
means so great as the induration of granites and 
traps appears to require. To indurate a crys^ 
talline rock, implies the absence of the solvent, 
or at least of its greater part, if it be aqueous. 
This Nature has done in these unstratified 
masses ; but we have no analogical appearances 

to 



♦ See above^ p. 223.— ^o/er 
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to guide lis, when we resort to our crystaUisa* 
tions from solutions on the small scale^ 

It is, in fact, unphilosophical to infer, that 
water had different or greater powers at tht 
formation of the exterior of the globe, thap 
those which it possesses at the presoit time; 
Passing by the obstacle arising Aom the /r^f* 
mented nature of granite and tt^ap, a circum* 
stance alone decisive against a pi^ecipitatioi 
ftiom a liquid, let us try if we can fiqd anj 
traces of the consolidating effects of wat^ ae^ 
ing at the present day, and producing rach. a 
degree of induration as the phsenopieoa of na« 
ture require. 

We do not, then, find any marks of oon« 
solidating influence exerted in oiiK:umst|ueiee% 
and on substances, similar to those which appe^ ' 
constantly in the strata which all allow to be of 
mechanical deposit. In alluvial beds of gravely 
however thick, we can refer to marks of forma- 
tion by water, — ^to appearances of undulations, — 
to many circumstances which assimilate them 
exactly to strata of conglomerates and sand-* 
stones ; but we observe no traces of consolida- 
tion in cases where water must have rested for a 
long time. So exact is the resemblance between 
alluvial beds of sand and strata of sandstone, 
tJiat often no difference between them can be 

traced, 
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traced, excepting that the one is harden<!d and 
the other not. 

In the sand of the sea-shore, at consider- 
able depths, no change of this Idnd appears to 
be going on ; nor is any consolidation visible in 
the gravel in the bottom of rivers. In bays 
with a sandy bottom, the lead always brings up 
sand. In other situations, mud adheres to the 
instrum^ts of the mariner, though it is a sub- 
stance far more easy of consolidation than gr&- 
vel, and hardens speedily, with fissures, when 
exposed to the heat of the sun, which expeb 
part of its water. The practice of anchorage it 
founded on these facts. 

In hardening a bed of sandstone or con- 
glomerate, a chemical solution of quartz is sup- 
posed by some to act between the interstices of 
the grains, and thus consolidate the whole into 
a rock. Hence Werner speaks of sandstone 
combining a mechanical with a chemical ori- 
gin. 

If this solution of quartz were granted^ 
it should evidently act upon the inclosed or 
rolled masses themselves, so as to degrade or 
dissolve part of their surface by its chemical 
.powers. It would be difficult to shew that such 
a liquid ought not, too^ to produce this effect in 
all cases. But, in very extended tracts of con- 

glomefate, 
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glomerate, no marks, of this are observed^ I 
have found none in many cases ; eaeh noddle in 
the rock retains the worn surface which it ori- 
ginally received, when forming a part of the. 
torrent from higher ground. 

That the whole is not a chemical deposit^: 
is surely evident from their perfect resemblance 
to the imconsolidated alluvial strata of the same 
substances, about the origin of which all are 
agreed. The theory of Werner rests upon their, 
mechanical structure *. 

Of the existence of a solution of quartz^ we 
have, however, no proof. , 

Finally, if water consolidated sand and 
mud into hard strata, we have no cause for 
those constant varieties of induration which of- 
ten take place within very small spaces f . 

It must not, however, be omitted, that, 
though water itself does not appear to possess 
any hardening powers over substances, as gra- 
vel, for which it has no attraction, it yet offers 
proofs of consolidation, when acting on sub- 
stances for which it exhibits affinity^ Thus in 

Parker's 



* See above^ p. SS^^^Natey^csr Professor JamesoPr's 
opinion. 

+ These are accounted for in pp. 120, 121- 
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Parker's or Roman cemeilt, and in stucco^ a 
chemical combination arises between the water 
and the mineral substance, or part of it. The 
rapid hardening of volcanic ashes after a shower 
of rain, into a rock which requires the pick-axe 
to break it, is probably owing to a similar cause* 
When water holds suspended an oxide of iron, 
the deposit of that substance, pfobably as a hy*- 
drat, between rolled pieces of quartz, or other 
nodules, gives rise to an aggregation of which 
I have seen several examples, but none that 
were possessed of great strength. In like man- 
ner, other conglomerates are formed by stalac- 
titical liquids. Clay forms a paste with water, 
and consolidates, by pressure, to a small extent ; 
to a greater, if dried in the sun y hut it can on- 
ly, with propriety, be termed hardy when it has 
been subjected to the action of fire. 

It is unnecessary to remark, that these ap- 
pearances will not apply to the consolidation of 
sandstone strata. We have no resource but in 
the action of heat. It happens here, that one 
ivell marked appearance of the action of fire in 
the strata, a single junction of a whin-dyke, is 
incompatible with the whole theory of Wer- 
ner. The question is narrowed : shall we re- 
sort to a simple explanation, or to complicated 
hypotheses^ which, after all, are completely un- 

T satisfactory ? 
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satis&ctory ? The effects of water in consolida- 
ting materials so diversified as those of the globe, 
cannot be inferred to exist ; for water exhibits 
no powers of this extent and capacity of actiou. 
A sandstone of grains of quartz is infusible in 
our present furnaces ; but its powder e;xlubits 
marks of agglutination at 90^ of Wedgwood* 
And it has become probable^ from those e&peri- 
ments with the blowpipe, in which rock-crystal 
has been fused, that in our best furnaces we ap- 
proach a temperature which is not far removed 
firom that which is required, not only to conso- 
lidate grains of silex, but to melt them on the 
large scale. 

The action of a force, variable from its 
quantity or it? distance, may thus be inferred 
to form a sufficient cause for the induration of 
the strata. The heat which melted the unstra- 
tified rocks below them, and hardened both in 
so striking a manner at their junctions, is a 
power adequate to all the effects which we ob- 
serve. Water, if it possessed the power of har- 
dening, would produce an uniformity of indu- 
ration. But heat, from the mode in which it 
must be exerted, will give rise to a great va- 
riety of hardening. This variety may^be traced 
over extended tracts of shistus. It forms a great 
mark of distinction between stratified and un- 

stratified 
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stratified rocks; for, in the last, the degree of 
Ifiduratipn is orfy affected by the difference of 
hardness in the different parts of the distincl^t 
concretions which they often form, while in 
^ formation of grey-wacke, a variety of indiara* 
tioh constantly accompanies a variety in the as- 
pect of the minerals of which that formation 
^consists. These variations I have made some 
attempts to trace pn the large scale. When 
observations of this kind arfe multiplied, they 
will form one of the moat important parts of 
Geological Science ; for they will materially as- 
sfist the Miner and the Engineer in boring and 
excavating parts of the stratk for exploring 
mines, or accomplishing other purposes of ge- 
neral utility. 



The Huttonian Theory. 
(Page 23.) 

Th^ very short view which is here given 
of the Huttonian hypothesis, is not precisely 

T 2 that 
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that which can be extracted from the writings 
of any one of its defenders, but from several. 
Thus the debacle of Sir James Hall is intro- 
duced, though to the action of such a cause Dr 
HuTTON and Professor Playtair are ho- 
stile f. Sir James Hall connects the doctrines 
of Hutton with the debacles of Pallas and 
S AUssuRE. Hutton supposed an elevation of the 
contents from the sea so gentle, as to leave no 
trace of the event, and such as to have had no 
share in producing the present state of the 
Earth's surface, which was entirely modelled 
by causes whose action we can trace daily. 
Sir James Hall, on the other hand, speaks of 
successive and sudden starts, similar to volcanic 
eruptions, though far more powerful^ and giving 
rise to immense waves, like those which are in 
some cases produced by earthquakes. — ^Even Mr 
Playfair admits, in order to explain beds of con- 
glomerate, " that the primary shistus, after at- 
" taining its erect position, had been raised up 

" to 



* Illustrations/ § 357*-— ^ir James Hall on the Revo* 
lutions of the Earth's Surface^-«-£(/t;i. Trans. voL vii. 
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*' to the surface where this gravel was formed, 
•* and from thence had been let down again to 
the depths of the ocean, where the secondary 
strata were deposited upon it */' Such is the 
complicated hypothesis to which, in order to 
preserve a consistency with his principles, and 
to represent all beds of gravel " as a production 
" peculiar to the beds of rivers, or the shores of 
" the ocean," this most eloquent advocate of 
the Huttonian system is obliged to have re- 
course. 

The Huttonian Theory is in fact not only 
untenable, from the objections given in the text, 
but, as Dr Hutton left it, it is contradicted by 
the size of every valley in which the marks of 
larger riverss than now roll in them are seen on 
the form of their sides, in their alluvial beds of 
gravel and clay,- and in the channels worn in the 
large masses of rock placed beyond the reach of 
the present streams. 

Another great defect in the Huttonian Sy- 
stem is, that besides neglecting those numerous 
marks of rapidity of formation which are visi* 
ble in many strata, it represents all strata as be- 
ing originally formed in that horizontal posi- 
tion 



Illustrations^ § 44*. 
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tion which a deposit of fine matter spread over 
the bottom of the ocean, could alone assume. 
Mr Flayfair indeed allows, that the form of the 
bottom might influence, in a certain degree^ the 
stratification of the substances depoidted on it'*'^ 
He is inclined to think, however, that this cause 
acted to no great extent, and that there exists a 
great parallelism of thin beds and strata in 
sandstone and in primary shistus, and hence he 
draws the inference, that because some vertical 
and highly inclined strata have been formed ho- 
rizontally, there can be no reason for not ex- 
tending the same conclusion to all f • 

Most theories of the Earth have either 
formed the strata originally horizontal, and 
have elevated them, or they have always allow* 
ed for causes which had produced disturbances 
in their position. 

When we compare, here, the Huttonian 
hypothesis with the descriptions of strata given 
by Werner, we see the difference which exists 
between a theory formed without a sufficient ob- 
servation of mountains, and a description of the 
appearances of Nature. 

"It 
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** it 19 of the greatest importance to di- 
'^ stittguish the general direction and inclina-f 
" tidn of (Strata from the partial. To effect 
'^ this, we must take the results of a number o£ 
particular observations^ and compare them> 
together ; and those similar angles which are 
the most numerous, are to be considered as 
expressive of the general inclination and di« 
" rection *." — " Beds which are perpendicular 
at the surface of the earth become gradually 
more horizontal as they descend f ." 

Every person who has traversed a moun* 
tain tract with the compass in his hand, has 
found the truth of this description of Werner, 
If in an extended tract of coimtry, as of the 
rocks called transition grey-^wacke j we should 
find an inclination constantly varjdng on the 
large scale, and if we found this inclination 
equally varying in the small scale, as within the 
distance of a few yards, this would be a proof 
that the strata had been originally deposited on 
inclined planes. For, on the supposition of a 
formation so regular as a horizontal one suppo- 
ses, the act of elevation should have no power 

to 



* Januescm'fl Geognoqr, p. 5S. 
t let p. «*4. 
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to produce such minute TariaticMis in the incli- 
nation. In grey-wacke and mica-slate strata we 
often find these variations of inclination within 
the shortest spaces. Mr Playfair, on the other 
hand, has reasoned from there being a perfect 
equality in the component lamins of these 
rocks, in all cases *• 

When observers are at issue with regard to 
facts, as has too often happened in Geology f, 
and often in very remarkable examples, the 
progress of truth is never impeded long. It 
is the peculiar duty of a writer on this science 
to attend minutely to the accounts which he 
lays before his readers, and if he can quote this 
observations of others on spots which he has 
himself visited, an additional proof of their 
certainty is presented. In the present case, 
all my observations over extended tracts of 
mica-slate and grey-wacke country, have con- 
firmed the description of Werner. I have ob- 
served, in innumerable cases, the successive 

passages 



♦ Illustrations^ § 39. 

t One of the most remarkable instances of this is io 
Jameson's Geognosy, p. 237. where we read : '' It is an 
^' incontrovertible fact, that no veins of the substance of a 
*' subjacent rock ever shoot into a superincumbent one*" 
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passages of the partial inclinations of the strata 
into each other, (if I may be allowed the ex- 
pression,) in the whole range <>f the mica-slate 
of the Highlands of Scotland, and in that of 
grey-wacke, which extends in Ireland from 
Belfast to the mountains of Kerry, — Thus, al- 
though elevations may have taken place in 
many of the strata, we have here a sure mark 
that these were never formed in a horizontal po- 
sition, but in positions more or less approaching 
to those in which we behold them at the pre- 
sent day. Very regular strata of sandstone and 
other rocks undoubtedly often appear, and an 
original horizontal position may then be legiti- 
mately inferred, by Mr Playfair's reasoning, 
in which no defect can be found, but the ab- 
sence of the fact which Werner has described. 
It is in strata of gneiss, mica-slate, and grey- 
wacke, that the changes of the angle of inclina- 
tion appear most abundantly. 

In attempting to find a cause for this va- 
riety of partial inclinations in several shistose 
rocks, I have always seen it in one of those 
marks by which Nature has indicated the for- 
mation of the strata by the mechanical descent 
of their fragments through water, on planes of 
considerable inclination. On this theory, the 
various angles of inclination on which the frag- 
ments^ 
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ments rested, would be inodified hy the mdi-* 
nation of the base or support, tfai^' dii^eetioii of 
motions or currents, the size of fbe fragmehtr, 
and their shape. While partial inclinations' 
thus arose, a general inclination over ttn extetid^ 
ed tract woiild still remain. And the todts oh 
which this appearance occurred, would be 
those of which the firagments are largest, si 
gneiss, mica- slate, and grey-wacke of lai^' 
grained varieties ; in strata of finer particle^ a» 
clay-slate or sandstone, the appearance would 
not exist at all, or far more sparingly. AU my 
observations have confirmed these i( 



Central Heat. 
(Page 28.) 

It is almost unnecessary to treat of this 
subject at the present day. — ^No satisfactory 
evidence of the present existence of a central 
fire was ever brought forward, excepting that 
which arises from volcanoes. However active 
and abundant these are, they bear but a very 
small proportion to the extent of the sur^ce of 
the globe. Their size, and the heights to 

which 
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which they elevate their lavas and ashes, are by 
no means such as would be presented, were 
they to approach the centre of the earth, or to 
descend through its mass to a depth of two or 
three thousand miles. 

Yet the Huttonian Theory requires the 
present existence of a central heat to produce 
those changes on the globe which gradually 
lead to new formations. Mr Playfair has de- 
fended the mode of action of such a central 
reservoir of fire, in an investigation which Dr 
Murray has certainly shewn to rest on data 
which cannot be reconciled with our know- 
ledge of the laws of that power. And, lately, 
the subject has received a stiU greater certainty 
from the profound investigations of Professor 
Leslie, with regard to the quantity of heat sen- 
sible below the surface, the temperature of the 
ocean, the cold impulses from a clear sky, and 
the modes in which the solar rays, the only 
fountain of heat to our planet, find their distri- 
bution over its surface, and their relations to 
air and water, in an admirable economy, which 
he has been the first to discover and describe. 
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Experiments shewing that the Werke- 
RiAN Order of some of the Primary 
Strata is preserved in a Mechakicai. 
Deposit* 

(Page M.) 

It was after ending, a long tour in Braemar 
in the autumn of 1818, that,' having become at 
last convinced of the mechanical deposit of the 
prim'ary strata, from their resemhlaiice to the 
secondary in so numerous relations, and from 
the mechanical aspects visible in them, I made 
some of the experiments described in the text* 
The first trials were, however, so imperfect, 
that the subject was neglected for nearly two 
years, till I found a small-grained granitic sand 
which answered better than the materials used 
in the first attempts. In the mean time, I in- 
ferred the necessity of a mechanical origin^ 
from the fact that specific gravity, size, and 
form of fragment, must have acted ; the plates 
of mica alone, viewed in their position in the 
strata, shewed it ; and I found the best descrip- 
tion of these, and of the constant transitions, in 
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the Geognosy of Werner. — ^These experiments, 
with small-grained fragments of felspar, quartz, 
mica, and clay-slate, will yield good results; 
the materials of granite never unite again as 
granite at the bottom of the box ; and not 
nnfrequently the results are more regular than 
the strata of these rocks themselves generally 
present. For, in nature, the great heights from 
which the fragments are supposed to fell, and 
the variety which must have prevailed in the 
heights from which they descended, must tend 
to introduce more irregular transitions than ex- 
periments on a small scale can be supposed to 
afford. 



Mechanical Structure of the Strata. 

* 
(Page 86.) 

To the examples given in the text of the 
mechanical structure of quartz and mica-slate 
rocks, I may add the appearances seen in the 
quartz moimtains of Ireland. On the summits 
of the two Sugar-loaf mountains of the county 
of Wicklow, and on the promontory of Bray- 
head 
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head which is connected with them, I fbuiid 
many examples of rounded and worn pebbles 
of quartz in the rock. The strata of these hiUs 
observe that direction from N£. to SW. which 
is seen so uniformlj throughout the strata of 
Ireland. At the peninsula of Howth, the same 
direction is visible in the quartz rock« At the 
quarries above the new harbour of that place, 
there are, in a short space, all the varieties of 
passage from compact quartz-rock to clay, the 
latter lying above the former, offering every 
variety of induration, approaching in its colours 
to band and porcelain-jasper, and ccmtaining 
more and more quartz till it passes, with a 
splintery fracture, into quartz-rock. 

From my observations on the quartz-rock 
of the county of Wicklow, and its connection 
with the mica-slate strata, visible at Powers- 
court waterfall, I am inclined to think the for- 
mer rock subordinate to the latter in that tract. 

No capital in Europe is situated so favour- 
ably as Dublin for observations on primary and 
secondary strata* The unstratified granite for- 
mation of Wicklow is on so small a scale, that 
the principal phaenomena of it and the rocks 
above it can be observed within a small compass 
of ground ; in this respect constituting a great 
contrast to the very extended scale on which 

the 



the greater p^rt of the Island has been arr^n-p 
ged, in large formations of transition grey- wacke, 
and more secondary rocks, which preserve for 
two hundred miles 9 great unfformity of direc-- 
tion in their stmta* The concisions whicl^ 
may be drawn from ^0 continuous a ferpiation of 
grey-wacke are of considerable interest in tb& 
rtudiy of rocks on the. large sc^le; ^nd I hope to 
be able soon to pubJish the results of the exiuni- 
nation which I have m^e* 

The veins of granite ^hootlQg through thp 
incumbent mica^-slate in Killine^ b^J^^r }>ubr 
liuy the hardening of the sbiBtufs^ its contortiot^ 
and the separation of colours which appear in it 
at the junctions, are aU of t^ most interesting 
kind. 

The Wernerian doctrine on the chemical 
formation of gneiss and mica-rslate, is defended 
by Professor Jameson*, from the appe^ance 
of the crystalline fragments of these rocks. 
The view of their formation given in the text, 
necessarily supposes more of this appearance tp 
be preserved in them than in those rocks which 
have been longer subjected to the disintegrating 
process, and have been ultimately deposited at 

a 
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a greater distance from the action of heated 
granite. This subject is deserving of a detailed 
examination. 

Saussure and Von Buch have found rocks 
of decidedly mechanical structure interstratified 
with clay-slate, gneiss, mica-slate, and even with 
stratified granite. 

One Wemerian answer to this difficulty is, 
to refer all Primary rocks in such positions to 
the class of Transition rocks. This o&rs a far 
more complex idea to the mind, than to consi- 
der them all as parts of one great formation, in 
which the mechanical appearances would con- 
tinue to increase from two causes ; — a disinte- 
gration carried to a greater extent, the farther 
its materials were removed from their source, 
and an action of heat more powerful in propor- 
tion to its vicinity to the first deposits of prima- 
ry strata. 

Dr MacCulloch, after describing seve- 
ral mechanical appearances in mica-slate and 
quartz-rock, adds;-^" A mechanical arrange- 
ment in the shistose rocks appears a circum- 
stance attending on many of these, as perfect- 
ly demonstrated as any thing, of which we 
have not actually witnessed the creation, can 
" be demonstrated to our senses *." 

On 

^ Geolog. Trans* vol, iv. p. 2S0. 
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On the Formation of Stalactites. 

(Page 10^.) . 

Since so large a part of the reasoning 
employed here, depends upon the mode of for- 
mation of Stalactites and Stalagmites/ 1 shall re- 
late what I haye observed respecting them in 
stalactitical caves. 

In the caye& which are abundant in lime- 
stone tracts of country, and where the rock is 
pnre or nearly so, the stalactitical appearances 
are seen in the distinctest manner. From the 
wide or narrow fissures in the stratified rock 
above, the percolating water descends slowly, 
and falls in successive drops on the floor below, 
with a slight noise, which is the only sound 
heard in these caverns. 

The shape of the drop of water first de- 
serves attention. Like that which is descending 
from any plane surfi^ce, or from a tubular ori- 
fice, it is narrowest at its lower convexity, and 
as it gradually approaches a contact with its sup- 
port, it widens, till reaching it, it spreads out in 
g wider expansion over the surface to which it 

u adheres. 
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adheres. As this surfisice receiyes from the fis- 
sure the small ramifying streamlets, the drop in- 
creases in size, till a spherical globule, able by 
its gravity to overcome the cohesive attraction 
of the water to its support, separates^ and &lling 
down, dashes on the floor. 

Such is the case with drops of water in all 
similar situations of gradual increase and de- 
scent. Let us suppose that the minute, stream- 
lets, which £3rm a drop in a limestone cave, 
either hold dissolved or suspended small parti- 
cles of carbonate of lime, and that tiiese are pre- 
cipitating or depositing. Then it is always ob- 
served, that the first deposit of matter takes 
place around the origin of the drop, where it 
q>reads out over the limestone sur£ace from 
which it depends. A circular row of particles 
is thus formed, and united to the solid rock. 
Other rows or layers succeed, applied to the 
former, and following in their flexure the shape 
of the drop. 

This constitutes the origin of the stalacti« 
tical column, which at first presents a thin cir- 
cular crust, of the same concave appearance 
with the upper part of the drop of water. Its 
breadth is nearly a quarter of an inch at its 
lower end, but it tapers to double that diameter 
at least at its root above. Its length will be 

less 
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kss than that of the drop at first ; but this 
speedily increases, wd the drop finding in its 
interior the channel by which it descends, it of- 
fers a cylindrical tube nearly perfect, and about 
thre^ inohesin lengthy still preserving its original 
diameter, with the exception of the part wherp, 
it is attaiqhed to the rock, and which I shall de- 
nominate its root. , 

The substance of these tubes is thin, brittle, 
and translucent or semitransparent. Traces of 
a minute crystalline structure are seen on their 
exterior,^ which preserves a considerable smooth- 
ness. In^the interior, the passage of the drop, 
continues to deposit matter, and minute pyra^ 
mids of calcareous spar begin to appear. These 
increase most rapidly in the lower end ; for 
there the deposit from position, takes place most 
abundantly. The extremity of the tube ends al- 
ways in small pyramids, whence the drop of li^ 
quid, which is part of the fluid which fills the 
tube from capillary attraction, depends. The 
diameter of the column is bounded, as I have de- 
scribed, by the uniform size of the drop in a calm 
and secluded atmosphere, not very liable to be 
influenced to a great extent by those variations 
of heat and cold which would diminish or en- 
large it. Its length is more variable, seldom 
less than two, or more than four inches, and ap» 

u 2 pears 
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pears to be determined chiefly by the force Cithe 
capillary attraction between it and the water ; 
for the latter, having to percolate amid numer- 
ous minute pyramids of spar, will obviously de* 
posit its contents higher or lower in the tube, 
according to any accidental circumstance which 
may give rise to the formation of the first pyra-> 
mids which project from the interior c^ the 
translucent crust ; and thus a crowding of the 
crystals unequally in the tube will diminish the 
orifice, and extend the influence of the capillary 
cohesion. Still these tubes preserve a pretty 
uniform length, particularly in the marble caves, 
about six miles from Kilkenny in Ireland, 
where many hundreds of them hang from the 
roof, averaging three inches in length. 

Thus the drop continues to percolate 
through a passage which is always narrowing as 
the accumulation of matter proceeds, till the 
tube is completely filled at the bottom by the 
union of the pyramids. — The rest of the process 
may be more briefly described. The filling 
taking place from the bottom, the calcareous 
matter gradually ascends, till the fluid no longer 
finds a passage through the crystals. Nature 
then pursues the accumulation of the stalactite 
in another mode. The little pillar, now become 
solid, increases on the exterior by the descent 

of 
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of water over its surface, a descent which has 
been constantly going on ; and a drop from this 
also rests on the tip of the column. The in- 
crease continues, tiD, by the union of many pil- 
lars in a couiise of years, columnar masses arise, 
like those of Antiparos or. Sky. 

The stalagmite below is formed by the 
matter deposited by the drops which fall on the 
floor. Here the natural tendency of depositing 
matter is to accumulate in blunt conical shapes. 
These are at first of thin foliated structure ; 
their layers thicken by the constancy of the de- 
posit ; and gradually increasing, they often rise 
so as to unite with the pillars which descend 
from above. 

Where the limestone is not pure, but mix- 
ed with siliceous or argillaceous matter, I have 
constantly observed, that a concentric structure 
prevails in the colunms, either on the large or 
the small scale. This forms another proof of 
the principle proposed in p. 171* It shews us 
that the rhomboidal, pyramidal, and prismatic 
forms of pure carbonate of lime, are interru{it- 
ed by a complexity or impurity of substance, 
and that then concentric and radiated shapes of 
imperfect crystallization come on. Such ap- 
pearances may be traced in all situations wheiie 
the deposit is not pure ; as in caves in trap rocks 

containing 
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ccmtaining calcareous spar, or beneath the 
arches of bridges, from the matter percolated 
from the mortar which is used in thdrcon* 
struction. 

In the large and jmre stalactite, the con- 
centric form only remains near or at the surfiure 
of the pillar ; the interior offers a complete cry- 
stallization ; and the £^t to-be accounted for is, 
how a large and perfect rhomboid of spar .arises 
from the deposit of small particles of mttter. 
No formation of the whde at one time, no in- 
multaneous process, is necessary to explain the 
appearances ; for Nature offers to our view the 
series of the. formation going on in all its parts. 

Some of the older Geologists filled the 
caves with liquid, and then precipitated and 
crystallized* Every thing contradicts this sup- 
position. If we did not see the small stalactites 
forming, or the larger ones increasing before our 
eyes, their shapes alone would shew us that they 
have had their origin in the air. 

Two explanations only remain. The one, 
that the water, containing carbonic acid gas, is 
thus enabled to dissolve carbonate of lime, 
which it lets fall as the gas evaporates. The 
other, that water conveys the carbonate of lime 
in minute particles to their destination by a me- 
chanical transit. 

I 
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I do not deny the presence of carbonic acid 
gas in these situations ; and from its existence 
in the atmosphere, and its relation to water, its 
presence in larger or smaller quantities may al- 
vmys be inferred. If we allow it, the deposi- 
tion of particle after particle is still as mechani- 
cal as on the other hypothesis. And we have 
still to account for those stalactites which con- 
tain sand and clay, and for siliceous stalactites. 

Though Dt MagCullogh * is of opinion 
that a solution of silex in water is a process still 
going on, yet it is certain that pure water rests 
on the surface of quartz, rock-crystal, or sand- 
stone rocks, without exhibiting any vestige of a 
siliceous solution. The only case in which si- 
lex is dissolved by itself, (excepting when 
brought into the state of air by fluoric acid), 
is in the well-known experiment of precipita- 
ting it from a liquor silicum. Here the minute 
state of division is commonly assigned as the 
cause of the solution. But is it not more con- 
sistent with all our chemical knowledge, to 
ascribe the appearances in this cbcperiment, ei« 
ther to a partial suspension of 'finely divided 
matter, or to the preschce of aikali imperfectly 

disengaged 
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disengaged from the earth? A true c^iemical 
solution is that where. water attracts and is at- 
tracted by the substance which it dissolves. Nq 
attraction is sensible between sHex. and water 
in all ordinary circumstances. , On the ihypothe- 
sis of a mechanical passage of water^ these dif- 
ficulties disappear ; wd the whole is well rela- 
ted <to the other facta, mentioned in the text. 

On this ^subject I m&x add* that I have not 
drawn any conclusion from that trapsfegrence of 
solid^ liquid, and gaseous matter which is seen 
80 distinctly in the circuits of the pile of 
Volt A. Here ammonia in the state^ of gas 
traverses the substance of quicksilver ; sulphu- 
ric acid passes through a solution of potash 
without uniting with it ; while in the^ and 
other appearances the moist threads of flax or 
asbestus render this passage visible to a certain 
extent. Though these phsenomena are among 
the most interesting in physics, and offer to us 
the most unequivocal proofs of the mechanical 
transit of matter, yet as the subject is compli- 
cated with other considerations, I have not sta- 
ted it in the text. - In the explanation of the 
contents and arrangement of metallic veins, and 
in the explanation of crystallization itself, the 
action of electrical currents may, when obser- 
vations are more multiplied, supply us with a 

true 
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trae theory of tbese phsenomena, which is still 
so much wanted. 

I shall onlj add the accidental circum* 
iitance which first drew my attention^ nearly ten 
years :ago, to this subject. A saturated solution 
of nitre had been prepared in summer, and af- 
terwards laid aside^ to be used in an experiment 
of crystallization. In the following winter I 
fomA at the bottom of the phial one very large 
and regular prism with perfect dihedral sum- 
mits. I was led immediately to the inference, 
that the deposit of matter from a chemical so- 
lution like this, is as mechanical an effect as 
their structure itself exhibits. This was 
strengthened on afterwards finding crystals of 
nitre and other salts left on a plane surface, at 
some distance from each other, after slow eva- 
poration of the solvent, as mentioned in the 
text. 



On the Huttonian Explanation of some 
Minerals and Mineral Veins. 

It is remarkable, that some of the minerab 
whence Dr Hutton drew his most powerful ar- 
guments, 
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guments, are exacUy those which no ingeauit j 
can reconcile to the action of heat. The Nep- 
tunians of this country, stated this at aa early 
period of the controyersy ; but, proceeding. &r- 
ther to explain the phaenomena of Gra]f^c Gta- 
nite and Sej^ria, on the principles of chemical 
solution, their ideas, being unsatisfactory to all 
acquainted with the state of chemical know- 
ledge, the explanations of Hutton came jlx> be 
regarded as at least as good as those of their 
opponents. 

It has been, indeed, for a long time the op- 
probrium of the geological reasonings of both 
parties, that, leaving a strict inductive course 
from the known laws of heat and solution in. li- 
quids, they have ascribed to both these agents, 
powers of whigh. we find no proofs in Nature. 
If it be said, that water and fire had other pro- 
perties at the formation of these minerals, than 
they have at present, no evidence of this can be 
brought. Since such an hypothesis will explain 
the appearances in conformity to the views of 
either party, both theories meet here on equal 
ground, and both are equally unsatisfactory. 

Thus the Graphic or Portsoy Granite has 
been already shewn to be inexplicable on either 
hypothesis * ; as well as the numerous instances 

where 
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where crjrBtals of one mineral shoot through the 
substance of another* I have a specimen where 
the same crystals of rutilite shoot through rock 
crystal and sulphuret of lead ; the first a more 
infusible, the second a more fusible mineral than 
the penetrating crystal. 

In arguing for the petrifaction of wood by 
a melted liquid penetrating it, Professor Play- 
fair has been more successful ^ ; and some spe- 
cimens may have been formed in this mode f . 
But not one fact has ever appeared to reconcile 
to the appearances, his account of the presence 
of nodules of flint in chalk strata, by injection 
when fused from below. The regular arrange- 
ment of the flints in the strata, which he does 
not mention, ought alone to have prevented 
this singular explanation from being brought 
forward t j since their presence there is as evi- 
dently owing to the action of water, as any cir- 
cumstance yet ascertained in Geological Science. 

The well known Septaria or spheroidal 
ironstones, on which Dr Htjtton § laid so 

much 
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miich streflSy exhibit maiks of beth aqueous and 
igneous action* The action of water may be 

inferred from the evident mechanical nature of 
their substance, which is an iron-clay. The 
influence of heat appears in their possessing 
every variety of induration. Balls of iron-clay, 
formed by rolling, and fissured by the sun's 
rays, appear to have been afterwards, in many 
cases,^ penetrated by stalactitical deposits, and 
subsequently heated, often to a considerable de- 
gree. In the same specimen, it has appeared 
to me, that we have the accumulation of mat- 
ter by water, the marks of rounding, the forma- 
tion of stalactites, and the evidence of heat. 

The subject of Mineral Veins has been 
long the conflicting ground of the disciples of 
HuTTON and Werner. The descriptions of 
the latter geologist guide us to accurate ideas 
of their structure ; but several facts still remain 
to be ascertained with precision, before a true 
theory caq be advanced. The variety of their 
contents, and their regular disposition along the 
sides of the vein, present obstacles to a full ex- 
planation. In the account of the fissures by 
Werner, we find no cause which can be deno- 
minated satisfactory : — " These fissures may 
" have been formed in different ways, as by 
" the unequal accumulation of rocky matter at 

** the 



817 



it 



€€ 
it 

it 



the tkne of deposition ; by the 'loss of stip« 
port, oiving to the diminution of the water ; 
'' bi/ the desiccation of strata, caused by the 
consolidation of crystalline depositions ; some- 
times by earthquakes, and the softening of 
strata during long-continued rains*/' The 
last reason is the most remarkable of the whole» 
The action of heat is a cause much simpler, 
and indeed alone competent to explain the fis-^ 
sures. It is probable, however, as far as ap« 
pearances have yet shewn, that some veins have 
been filled from above. It may be shewn, too, 
that, admitting the formation of the rents by 
heat, they might, in some cases, be wider below 
than above ; in others narrower, from the effects 
of that power. Lying masses, and those large 
metalliferous cavities, denominated Putzen^ 
werksj also offer peculiar appearances^ intimate* 
ly connected with regular veins. 

Whatever explanation of metallic veins be 
finally adopted, it is evident that the theory of 
Werner is entirely inconsistent with the pre- 
sent state of our knowledge. Let us allow the 
presence of a liquid which dissolves all their 
materials, and the action of precipitants to se- 
parate 
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parate them;— still the veins could not offer 
their present appearances^ because the deposi* 
tions of matter should be entirely horizontal, 
and not parallel to the sides of the vein ; be- 
cause in the veins, there is not room for the 
presence of the materials and the solvent at the 
same time ; and, finally, . because if it be at« 
tempted to obviate the. last mentioned objec- 
tion, by supposing a circulation of the liquid 
till the whole vein was filled, this is opposed by 
two considerations ; — ^the presence of such large 
quantities of metallic liquids as would be then 
required, and the marks of rapidity of fi)rmar 
tion in many strata, which would obviously 
prevent that circulation of the liquid oa Jiydro-» 
statical principles, in such periods of time as 
would appear probable. It has always too^ 
been remarked, that the shapes of many of the 
strings and branches of veins, prevent such a 
circulation of fluid from having ever taken place 
in them. 
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PiTCHSTONE PORrPHYRY. 

(Page us.) 

Since this sheet was printed, I have found 
that Dr Ogilby of Dublin was the first who 
traced, several years ago, the transitions of the 
Porphyry of Sandy-brae, in the county of An- 
trim, He discovered that it passes, on the one 
hand, into porphyritic clay-stone, and clay of 
little induration ; and, on the other,' into com- 
pact felspar, and rarely into a mineral approach- 
ing in its characters to red jasper *. These ob- 
servations of this excellent geologist, are ex- 
tremely valuable, from the relations which 
they present between this porphyry and the red 
Causeway clay. 



Disintegration 
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Disintegration of the Strata, 

(Page 260.) 

Mr Stevenson, in the second volume of 
the Wernerian Transactions, has lately coll«:t- 
ed numerous appearances of the wearing away 
of the coasts of the British Islands, and ascribes 
the changes to the rise of the German ocean, in 
copsequence of its base being elevated by the 
s{k>ils poured into it in a course of ages. 

These observations are extremely useful in 
Geology ; and they should be connected with 
the numerous formations of new land which 
are constantly going forward on the same coast, 
and many of which have attained to a consider- 
able extent within the period of the last cen- 
tury. Of those on the Scottish and English 
coasts, I have collected several instances. 

Cuvier has related several appearances of 
this kind on the shores of the Hadriatic ; and 
many others have been enumerated by different 
writers. 

But 
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But the want of extended observations on 
the level of the sea, is still felt as much as ever 
by Geologists j and Mr Playfair, after he has 
ascribed the sinking level of the ocean on our 
coasts to the slow elevation of the land, acknow- 
ledges the imperfection of the data which have 
been hitherto brought forward *. 

Where our observations stop, our reason- 
ings must cease. It can only be said, that, as 
this question stands at present, many proofs of 
the rise of the sea, in some spots, and of its re- 
treat in others, have been observed. But, in 
a series of changes, of which we have hitherto 
examined but a very minute part, we cannot 
expect, as yet, the confirmation which a true 
theory requires. At any rate, we have no data 
for believing in the hypothesis of Hutton^ that 
the land is slowly rising by the central heat, 
and thus exhibiting to us a diminished level in 
the ocean. The fact, that in this theory the 
bed of the sea is constantly separated from the 
continents and islands to which it is contiguous, 
and of which it forms a part ; and the idea of 
the heat only acting to elevate the land, with- 
out raising at the same time the bed of the 

X ocean 
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ocean itself ; are assumptions to which there is 
certainly attached nothing of that spirit of phi- 
losophical induction which can alone guide us 
to the truths 

It may still be said, in opposition to the 
views taken in the text, that, after allowing all 
the causes which tend to preserve the moun- 
tains, if one ounce of matter finds its way 
to the bottom of the ocean in one year, or in a 
thousand, the destruction of the present order 
of things may finally be attained, as surely as 
by the most rapid decay. 

** These operations," (says Professor Play- 
fair), '^ inconsiderable if taken separately, be- 
come great, by conspiring all to the same end, 
never counteracting one another, but pro- 
ceeding, through a period of indefinite ex- 
tent, continually in the same direction. Thus 
every thing descends, nothing returns up- 
ward ; the hard and solid bodies every where 
" dissolve, and the loose and soft no where con- 
" solidate. The powers which tend to pre- 
" serve, and those which tend to change the 
" condition of the earth's surface, arc never in 
equilibrio ; the latter are, in all cases, the 
most powerful ; and, in respect of the former, 
are like livings in comparison of dead forces. 
" Hence the law of decay is one which sufiers 

" no 
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•• no exception. The elements of all bodies 
** were once loose and unconnected ; and to the 
^ same state nature has appointed that they 
*' should all return ^Z* 

The imperfection of this reasoning consists 
in the affirmation, that no formation of consoli- 
dated land is daily going forward ; and in its 
neglecting the constant relation which Nature 
offers to our view, between this formation, and 
the decay and waste of all mineral substances. 
We cannot prove that the new land, raising by 
the action of the sea, by coral-worms, or by vol- 
canic fires, is exactly equal to the waste of the 
present continents, because we are not yet pro- 
vided with a sufficient number of facts and ob- 
servations to be able to state this equality. It 
is an inmiense series of effects, of which, in any 
assignable period of tune, we can observe only a 
few. But, for the sarde reason, ho Huttonians 
can prove that they are unequal^ and that the 
decay preponderates over the renovation. This 
it rests with them to do. If it cannot be shewn 
to be the fact, the principle of Dr Hutton, 
that the land is gradually wearing away, be- 
comes an assertion, of the truth of which we' 

X 2 have 
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hare indeed innumerable proo&y if we r^aurd it 
hy itself ; bat of which we have no evidence 
whatever, if we consider it as a part of the sys* 
tern of the world, which is met hj constant re- 
novating powers. The land indeed decays; 
but the moment the decay commences^ we have 
seen that preserving forces b^in to act on the 
sea-shore, on the banks of rivers, and on the 
precipices of mountains'^. In prolonged pe- 
riods of time, the ultimate decay which goes 
slowly forward, is met by the consolidation of 
new land which rises from the ocean. In this 
beautiful harmony, extending around the globe, 
and acting in every mountain and plain, every 
river, and every sea, Man is enabled to view 
but a part ; but from that part he can infer 
with certainty, that no inequality, no want of 
an exact equilibrium between the destroying 
and renewing forces employed by Nature, has 
yet been found f . 

Connection 

II II iii» II . -■■--■ ■^-. .-.-■■■■-- ^j 

* See above, p. 253. 

t It is not here concluded, that no marks of mequalitj 
•between the decay and renewal may not be found in future 
times, and after more extended observations than we at 
present possess, are collected ; but only, that no traces of 
inequality of the destroying and renewing forces have 
yet been shewn to exist by Dr tlutton and Professor Play- 
fair. 
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Connection of Geology with the Scrip*^ 

TURES. 

(Page 265.) 

In this passage, I have done little more than 
expand the ideas oi Lord Bacon :-^ 

'' Pessima enim res est errorum apotheosis, 
et pro peste intellectus habenda est, si vanis ac^ 
cedat veneratio. Huic autem vanitati nonnulii 
ex modernis summa levitate ita indulserunt, ut, 
in primo capitulo Geneseos, et in libro Job, et 
aliis Scripturis Sacris, philosophiam naturalem 
fundari conati sint; inter Viva quserentes 
MoRtUA. Tanto magis haec vanitas inhibenda 
venit et coercenda, quia, ex divinorum et huina* 
norum malesana admixtione, non solum educi* 
tur philosophia phantastica, sed etiam religio 
haeretica* Itaque, salutare admodum est, si 
mente sobri^, fidei tantum dentur quae fidet 
sunt/' . ■ . 

Nov. Org. Lib. 1« Aph. 65. 

This 




This is a passage which caoDOt be too of- 
ten remembered, and which, like many others 
ID the same immortal- wod^. is pr^nant with 
the spirit of true wisdom. It seems, as Pk^ofes- 
80R Playfair justly remarks, to have been pro- 
phetically addressed to De Luc, ELirwan, and 
the other cosmogonists of the present day, who 
have done all in their power to degrade the 
Sacred Writings by the arguments which they 
have brought forward in their defence. 

It is somewhat painful to revert to such 
opinions, even when published under the sanc- 
tion of great names, or embodied in the Trans- 
actions of LfCaxned Academies. So mischievous, 
and so destructive of private and public peace do 
some of these speculations become, that what- 
ever attention we owe to the facts and descrip- 
tions of these writers, we owe no regard to their 
arguments on this subject, with which they have 
intermingled their discussions on. minerals and 
strata. Posterity will scarcely believe, that a 
question exactly similar to many agitated in the 
tenth century, and in the darkest schools, was 
discussed in many pages by De Luc and Kirwan. 
De Luc ascribing the strata to the Deluge, main- 
tained that Noah's olive branch grew on an 
island which floated and survived the wreck. 

Mr 
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Mr Kirwan * combats this idea ; and De Luc, 
in his Travelsy returns at great length to the 
charge. Mr . Kirwan, in treating of the prima- 
val globe, calls in Hindoo traditions, which he 
denominates orthodox, to support his geological 
tenets f. In like manner, Dr Richardson J, 
in. writing a paper against Dr Hutton, treats 
extensively of what he calls a Conspiracy against 
the Scriptures ; and though it is not unlikely, 
that some authors whom he mentions, imagined 
that they had overthrown the Mosaic account, 
by their imperfect observations, yet it must still 
be inquired, what relation this has to the aque- 
ous or igneous origin of basalt, with which Dr 
Richardson connects it. For, after all these disr 
cussipns, we must still resort to the nature of 
the mineral itself, since it alone can supply that 
truth which satisfies the mind. 

Dr Richardson, who tells us that " Nature 
" at the Causeway changes her materials, and at 
" Portrush changes her style, almost every hun- 

" dred 



* Irish Academy Transactions^ voL vi. p. 277* 

t De Luc's latest principles may be seen in his Tra- 
vels^ vol. I. p. 110, 1800. 

X Irisih Academy TraiMaction?, 1803, voL ix. p. 4^9- 
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" dred yards */* concludes his last paper by term* 
ing lava a factitious substance, while he thinks 
that basalt bears evident marks of the hand of 
Nature f . 

A highly praiseworthy and good divine, 
who was sent in 1814 to distribute the Icelan- 
dic Bible to the natives of Iceland, has, in a 
late work on that country, described many in- 
teresting appearances of heat with which it 
abounds. Besides these, however, he finds seve- 
ral traces of lava in the Scriptures, and has col- 
lected the passages where he thinks it is men- 
tioned. He not only incrusts Lot's wife with 
that substance, but comments on 2d Peter, iii. 
10., and is of opinion that the earth was divid- 
ed by volcanic fire in the days of Peleg X^ — Such 
discussions must always be deprecated, because 
they connect an imperfect science with the Scrip- 
tures, and come under the just censure of Lord, 

Bacon, 



* Irish Transactioiis^ voL fx. p. 486. 

t Irish Academy Transactions^ voL z. p. 92. 

X Genesis^ Xk S5. 
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Bacon, given above; ^' philoSpphia pba^ta$^ 

TIC A, RELIGIO H-ffiRJtTICA^i" 

Were our present knowledge of Geology 
of no other use but to exhibit theijr absurdity, 
it would be of considerable advantage to the 
interests of science. ' 



Some Advantages of the New Theory, ob* 

THE Earth. 

(Page 270.) . 

The advantages of the views here given 
in furnishing an explanation of many geologi- 
cal phaenomena hitherto unexplained, or ac-- 
counted for by hypotheses which are often of a 
complex kind, are very numerous. 

Both our prevailing theories have been 
for a long time unsatisfactory to all reflecting 
minds, from the imperfect nature of the evi- 
dence and the reasonings which they have 
brought forward. It has now become evident 

tliat 
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* See a Jounud in Iceland by Dr^ Eben^aer Hender< 
8on^ 1818^ vol. I. and Vol. ii. p. 117> &c. 
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that neither of them possesses a right to aspire 
to rank as a true explanation of the construc- 
tion of the world. 

The theory of the appearances given in 
the foregoing pages, requires no aqueous or 
other solvent for the materials of the crust of 
the earth ; and yet, admitting the action of wa> 
ter in modelling all the strata, from the oldest 
gneiss to the newest alluvion, it preserves all 
the advantages of the power of that great agent, 
without supposing it to act in dissolving sub- 
stances for which it has no attraction. 

The formation of the unstratified rocks by 
heat, the explanation of the origin of this heat, 

and its existence for the time during which it act- 
ed as the cause of the consolidation of the strata, 
are brought forward unincumbered by the hy- 
pothesis of a central fire constantly acting, the 
presence of which is opposed by so many facts 
connected with the temperature of our planet. 

The simple principles of disintegration of 
the materials of granite under water, and con- 
solidation of the strata thus formed by heat, 
allow us to explain a large range of phsenome- 
na; to trace many circumstances in the con- 
stitution of the strata to their causes ; to find 
in all of them a mechanical deposit, and in the 
imst ratified rocks marks of an igneous origin. 

The 
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The same principles give rise to the explanation 
of the gradual transitions of one rock into ano* 
thcr, of their alternations^ and of the variety of 
induration and inclination seen in many of them; 
in fine, to tl^e relations of the stratified with the 
unstratified rocks, and the intimate connection 
between the nature of unstratified granite and 
the stratified gneiss and other strata above it. 
Though it can be shewn that several of these 
strata have been deposited upon planes of incli- 
nation, yet as the action of the fused masses 
below them would continue for a long time, a 
provision thus arises for many of the disturban* 
ces and elevations visible in the strata. Their 
general direction in many cases it has been 
attempted to associate with the rotation of the 
globe in an easterly course. 

An inquiry into the nature of crystallizing 
substaiice is a necessary part of a theory which 
assmnes the explanation of the earth. This ob- 
ject, hitherto so much neglected, has supplied 
several conclusions which afford great assistance 
in forming accurate ideas of the formation of 
crystals^ and of the strata which enclose them. 

The position and nature of Basaltic Rocks 
lead to the relations between them and granite 
and other unstratified rocks ; and in the struc- 
ture of all these, np marks peculiar to aqueous 

or 
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or igneous action have been finuid. Hence 

arises the necessity of inquiring into the mode 

of distribution of the colours disseminated 

through these rocks, in order to aflbrd a test of 

their origin. That origin has been found in 

heat, which also forms the only consolidating 

power. 

The difference which exists in many cases 

between Granite and Basalt, with regard to their 
relations to the strata connected with them in 
position J has been stated ; the former, when un- 
stratified, not oyerflowing, but haying had stra- 
ta deposited above it in mantle-shaped forms \ 
the latter, also elevated by heat at a subsequent 
aera, often overflowing above strata previously 
deposited, and thus depressing them, so as to 
give rise to their arrangement in the concave 
manner. An additional proof of this arises from 
the difference between granite veins and whin- 
dykes *• The former have risen up in fissures 
which are often ramified to a great minuteness, 
through the substance of layers of shistus when 
depositing, where it has been attempted to 
assign a cause for the formation of the rents. 
While the latter present no branching appear- 
anceSy the basaltic rock having in general occu- 
pied 



* See above, p. 225—- iVirfe. 
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^ied fissures of considerable uniformity cut 
through strata which had been laid down, and 
often consolidated before the rents were made. 

All these principles have been coimected 
with the decay of the land, and the constant re- 
lation which this li^rs to the preserving causes, 
and the consolidation of new substances, which 
are daily seen in action in the world. 

The objections to these views, as far as I 
know them, I-\have endeavoured to state, as 
well as the opposing opinions of the principal 
observers and theorists, in order that the reader 
may have before him a faithful transcript of the 
opinions of others, or references to their writ- 
ings. It may be remarked here, that the view 
given of the formation of the land is not com- 
plicated with the question of a resting-place for 
the waters ; for, the land arising gradually from 
them, they would occupy a higher level over 
the lower tracts of sea, or rest partly on lands 
which the heat had not elevated to the same 
height as our present continents. — ^When gra- 
nitic and basaltic rocks occur interstratified with 
other beds, an explanation is supplied by the 
immediate consolidation of these unstratified 
rocks when disintegrating, and their deposition 
in strata. Beds of crystalline greenstone may 
thus alternate with sandstone, for the water 

has 
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CORRIGByOA. 

ContanU, p. xiT. I. 17. /or plaioi of the uceao, read plains and the ooein^ 
Page a7. 1. 17. This is stated too generallj; tor primary limestone and 
seqientlne occur unstratified. 

77. L X&fir dost rrad closest 

9ju L 19l after are i/uert often 

— ^ 149. note, 1. l./br laver read larger 
-^— > fl03L L 9. for deposlL read formation. 
— - tdO. L &.for they rUd H 
— 262. L 7. for each recrf every 
■ f 51« aiMCj 1. 4./or passes read passing 



Mr Clarke Abkl» in his Narratire of the late 
Chinese Ernhnssy, just published, has given a detailed 
description of the granite veins in the shistus, which 
are seen on Table Mountain, at the Cape of Grood 
Hope. From the facts which he has observed, and 
particularly from the relations which he has traced 
from granite, decomposing granite, and conglomerate, 
to a horizontally stratified sandstone, he has drawn in- 
ferences irreconcileable with the Wernerian and Hut- 
tonian hypotheses, and of a nature very nearly the 
same with those given in the preceding pages. The 
Geological student will find mr-h that Lc int!:resting 
in Mr AbePs details. (Xarratlve of a Journey in ^'' ' 
hitertor of China, &c.— p. 287,-3C5.) 
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